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ABSTRACT 
Much effort has been directed towards the utilization of organized 
media to modify reactivity and regioselectivity of products. Among the 
many ordered or constrained systems utilized to organize the reactants, the 
notable ones are micelles, microemulsions, liquid crystals, inclusion 
complexes, monolayers, and solid phases such as adsorbed surfaces and 
crystals. 
Chemical reactivity in colloidal self-assemblies {e.g., micelles, 
microemulsion droplets, and vesicles) has got importance owing to 
similarities in action with the enzymatic reactions.' Although the analogy 
between micelle-catalyzed reactions and enzyme-catalyzed reactions is far 
from perfect, there are important similarities.'^ The structures of both 
micelles and enzymes are similar in that they have hydrophobic cores with 
polar groups on their surfaces. Both catalytic micelles and enzymes bind 
substrates in a non-covalent manner. The kinetics of micellar catalysis 
resemble that of enzymatic catalysis in that the micelle may be saturated 
by the substrate; and, conversely, the substrate may be saturated by the 
micelle. 
The mechanism of a chemical reaction cannot be fully described 
without the determination of its rate. The kinetic study of a wide range of 
chemical processes is seen to be of essential importance, not only in pure 
research but increasingly in industrial research, development and, in some 
instances, in quality control and analysis as well. Kinetic methods have 
become an essential technique in photochemistry, enzyme chemistry, study 
of chemical catalysis, etc. 
In this thesis only one specific type of organized system is 
considered, i.e., normal micelles. Micelles are apparently isotropic, 
although their intimate nature is microheterogeneous; they form 
spontaneously and they are thermodynamically stable. These properties are 
interesting from different points of view, some of which being stressed 
below. 
Since they possess microscopic interfaces separating a bulk aqueous 
phase and a hydrophobic environment that is capable of solubilizing 
lipophilic molecules, micellar media can provide convenient model 
systems for the study of reaction kinetics. An added advantage of these 
systems is that on the macroscopic scale they appear perfectly isotropic, 
thus permitting the use of conventional spectroscopic techniques for the 
study of reaction kinetics. With regard to the study of interfacial processes, 
a further advantage of micellar media is that one can vary the electrostatic 
characteristics of the micelle/water interface according to the choice of the 
surfactant molecule or the addition of salts to modify the ionic-strength of 
solutions. 
The micelles provide different microenvironment for different parts 
of the reactant molecules: i.e., a nonpolar hydrophobic core can provide 
binding energy for similar groups while the outer charged shell can interact 
with the reactants polar groups. This inherent microheterogeneity of the 
micellar solubilization environment could play an important role in the 
catalysis of a reaction. 
The ninhydrin-amino acid reaction has been a subject of extensive 
studies since the discovery of ninhydrin in 1910."' This reaction got a 
potential application in qualitative and quantitative estimation of a-amino 
acids. This reaction is also used to develop the latent fingerprints. A 
number of workers'*'^  have modified the ninhydrin reagent by introducing 
metal ions to the reaction mixture with the objectives to (i) enhance the 
stability of the color; (ii) obtain reproducible results; (iii) lower the 
detection limit; and (iv) identify intermediates formed during the reaction. 
In presence of metal ions the actual reaction takes place between ninhydrin 
and metal-coordinated amino acid. 
The work described in the thesis entitled "Studies in Organized 
Media"" deals with systematic kinetic studies of ninhydrin - metal-
coordinated amino acid reactions. The metal-coordinated amino 
acid complexes used were [Cr(III)-his]^^ [Ni(II)-his]^ [Cu(II)-his]^ 
[Cr(III)-trp]'", [Ni(II)-trp]^ [Cu(II)-trp]^ 
The lay out of the thesis is as follows: (i) Chapter 1 - General 
Introduction; (ii) Chapter 2 - Experimental; (iii) Chapter 3 - Kinetics of 
reaction between metal-histidine complexes and ninhydrin; and (iv) 
Chapter 4 - Kinetics of reaction between metal-tryptophan complexes and 
ninhydrin. 
Chapter-1 comprises of an introduction of surfactants and their 
classification, critical micellar concentration, micellar organization, and 
properties, ninhydrin-amino acid and ninhydrin-metal-coordinated amino 
acid reactions, kinetic treatments of reactivities in micellar systems, and 
statement of the problem. 
Chapter-1 also includes pertinent literature survey of the work 
performed on the kinetic and mechanistic studies of ninhydrin-amino 
acid/metal-coordinated amino acid reactions in aqueous as well as micellar 
media. Application of p^ewofo-phase model for micelle-catalyzed reactions 
give the pseudo-Tw^i-ox&tr rate constant, k^ ,,, as 
Kv|; 
K [N]T + (Ks kn, - K) MN' [Dn] 
1 + Ks [Dn] 
where k,v and km are second-order rate constants in aqueous and micellar 
pseudophases, respectively. [N]T is total concentration of ninhydrin while 
c 
MN represents the mole-ratio of micellized ninhydrin. Ks is binding 
constant of substrate with micelles and [D,,] is the total surfactant less than 
that of monomer i.e., [Dn] = [surfactant] - cmc. 
Chapter-2 contains experimental details. The source and purity of various 
reactants and surfactants are mentioned in this chapter. Procedure for the 
preparation of solutions, pH measurements, determination of the 
composition of the products by Job's method of continuous variations, 
kinetic measurement details and determination of cmc under the reaction 
conditions have been detailed. As the formation of a complex between a 
particular metal-coordinated amino acid and ninhydrin is accompanied by 
appearance of a characteristic absorption band, the spectra of the reaction 
products obtained under varying conditions are also presented. As no 
change in the absorption maximum (A-max) was observed in the absence and 
presence of CTAB micelles, it is inferred that the same reaction product 
(yellow in color) is formed both in the aqueous as well as in CTAB 
solutions for each metal-amino acid complexes. 
Different experimental conditions were adopted by varying the 
concentrations of metal-histidine complex, ninhydrin, surfactants (CTAB, 
SDS) and inorganic salts (NaCl, NaBr, NaNOa, Na2S04) to elaborate their 
role in the formation of product which are discussed in Chapter-3. The 
values of rate constants were found to be independent of the initial 
concentrations of metal-histidine complex showing a first-order 
dependence of the rate of reaction on metal-histidine complex 
concentrations. The non-linear dependence of rate constants vs. [ninhydrin] 
indicates fractional-order with respect to [ninhydrin]. Thus, it has been 
observed that the dependence of rate of reaction on metal-histidine 
complex and ninhydrin concentrations in presence of CTAB is similar to 
aqueous medium.^ It is, therefore, inferred that the mechanism (Scheme 1) 
is same in both the media. 
The studies confirmed that the reaction has proceeded through 
formation of a ternary labile complex in which histidine and ninhydrin are 
coordinated to the same metal ion. The reaction between amino nitrogen 
and carbonyl carbon proceeds through nucleophilic addition to give Schiff 
base complex (product). The formation of the product is due to the reaction 
between the coordinated group of histidine and coordinated carbonyl group 
of ninhydrin through the condensation reaction. Such type of condensation 
reaction is also known as combination-of-the-ligands-attached-to-the-
same-metal-ion (CLAM). 
The work on tryptophan-metal complexes was undertaken in the 
hope that the introduction of indole group (electron rich) in place of 
imidazole group into the side chain of a-amino acid would assist the 
binding of these substrates to the micelles and also increase the catalytic 
efficiency of the amino acid. Studies made different experimental 
conditions are discussed in Chapter-4. Unlike metal-histidine case, 
kinetic studies on metal-tryptophan complexes with ninhydrin have not yet 
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been made in aqueous medium, and, therefore, such studies were also 
carried out. In this case too, first-order dependence of the rate of reaction 
on [metal-tryptophan] and fractional-order on [ninhydrin] were established 
in aqueous and CTAB micellar media which again indicate that the 
mechanism (Scheme 2) is same in both the media. The first step in 
Scheme 2 represents formation of an innersphere complex (B). As the 
lone-pair of electrons of amino group are not free in complex (A) (because 
they are involved in the complex formation), the reaction proceeds through 
condensation of coordinated amino group to the coordinated carbonyl 
group within the coordination sphere of the metal. The presence of metal 
ion brings the reactive groups together and provides a better chance for 
their combination within its coordination sphere. The next step is the 
formation of Schiff base complex (end product). 
The dependence of the rate constants on [CTAB] for 
ninhydrin-metal-coordinated amino acid reactions are depicted in 
Figs. 1 - 6. The reactions occurring in the presence of micelles follow the 
path (Scheme 3): 
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Fig. 1: Effect of [surfactant] on the reaction rate of [Cr(III)-histidine]^'' 
complex with ninhydrin (CTAB-a, SDS-b). Reaction conditions: 
[ninhydrinJT = 6.0 x 10"^  mol dm"^ [Cr(III)-his^^]T = 2.0 x lO''* 
mol dm~^ pH = 5.0, temp. = 80 °C. 
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Fig. 2: Effect of [surfactant] on the reaction rate of [Ni(II)-histidine]^ 
complex with ninhydrin (CTAB-a, SDS-b). Reaction conditions: 
[ninhydrinjt = 6.0 x 10' 
-3 dm , pH = 5.0, temp. = 
' mol dm-% [Ni(II)-his^]T = 2.0 x 10"^  
70 °C. 
mol 
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Fig. 3: Effect of [CTAB] on the reaction rate of [Cu(II)-histidine]^ 
complex with ninhydrin. Reaction conditions: [ninhydrinjx = 6.0 x 
10~" mol dm-\ 
temp. = 70 °C. 
[Cu(II)-his^]T = 2.0 X 10"^  mol dm' \ pH = 5.0, 
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Fig. 4: Effect of [CTAB] on the reaction rate of [Cr(III)-trypiophan]^^ 
complex with ninhydrin. Reaction conditions: [ninhydrinjr = 6.0 x 
^-3 10'" mol dm"% 
temp. = 80 °C. 
.2+ [Cr(III)-trpnT = 2.0 x 10"" mol dm"^ pH = 5.0, 
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Fig. 5: Effect of [CTAB] on the reaction rate of [Ni(II)-tryptophan]* 
complex with ninhydrin. Reaction conditions: [ninhydrinjx = 6.0 x 
lO'-* mol dm"^ 
temp. = 70 °C. 
[Ni(II)-trp'"]T = 2.0 X lO"'* mol dm-^ pH = 5.0, 
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Fig. 6: Effect of [CTAB] on the reaction rate of [Cu(II)-tryptophan]'' 
complex with ninhydrin. Reaction conditions: [ninhydrin] p = 6.0 x 
10"^  mol dm \, 
temp. = 80 °C. 
[Cu(II)-trp^]T = 2.0 X 10~^  mol dm"^ pH = 5.0, 
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The data have been treated by considering the distribution of 
reactants (metal-amino acid complex and ninhydrin) in aqueous and 
m'lceUar pseudo-phases. Corresponding to the above Scheme, the following 
rate equation was obtained: 
k\v + k'n, Ks [D„] 
K(|( 
1 + Ks [Dn] 
which can be modified as 
" • ( | / 
k^[N]T + (Ksk^ - k,) MN' [D„] 
1 + Ks [D„] 
Values of the second-order rate constant (k^, s ') and binding constants 
(Ks, KN, moP' dm^) were obtained using a computer based program and 
are given in Table 1. 
The location of reactants in the micellar structure and degree of 
penetration of water into micellar structure have a major influence on 
reactivity. Most of the ionic micelle mediated reactions are believed to 
occur either inside the Stern layer or at the interface between micellar 
surface and bulk water solvent.'° From purely electrostatic considerations, 
ninhydrin (due to presence of an electron cloud") can be assumed to reside 
predominantly in the Stern layer. Substitution of part of the water 
molecules in the inner solvation shell of metal ion by coordinating amino 
17 
acid gives the complex some hydrophobic character and, despite of bearing 
a positive charge, it may enter (due to conversion into lipophilic form), 
cross over the interface, and reach into the reactive region of the CTAB 
micelle. Thus, the CTAB micelles enhance the rate of reaction by 
increasing the concentration of both the reactants within the small volume 
of its Stern layer. 
TABLE 1 
Kinetic results for the reaction of ninhydrin with metal-amino acid 
complexes in CTAB micelles at [metal-amino acidjj = 2.0 x 10"'' mol 
dm"\ [ninhydrin]! = 6.0 x 10"^  mol dm~^  and pH = 5.0. 
Metal-amino aci 
Complex 
[Cr(III)-his]^^''' 
[Ni(II).his]^ •" 
[Cu(II)-his]^ •' 
[Cr(III)-trp]^^-'' 
[Ni(II)-trp]^ •'^  
[Cu(II)-trp]" •" 
% " = 0.14k„,: 
''80 °C. 
'70 °C. 
id 
cf. 
loX 
4.5 
3.2 
2.5 
6.7 
4.4 
18.0 
Ref. 12. 
lO^'kj'"' 
(s"' mol" 
6.3 
4.5 
3.4 
9.4 
6.2 
25.0 
' dm^) 
KN 
(mol"' 
73 
79 
72 
52 
80 
57 
' dm^) 
Ks 
(mol"' dm^) 
28 
6 
6 
36 
22 
38 
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Salts have shown a complex effect on the reaction rates of ninhydrin 
with metal-amino acid complexes. Rate enhancement or inhibition of 
micellar catalysis by added electrolytes can be considered to be due to 
exclusion of the reactants from the micellar p^ewofo-phase'^''^ and/or 
change in shape and size'^ of micelles. Here the salt effect on the micellar 
catalysis is considered in the light of its competition between counterions 
and substrate molecules which interact with the micelles electrostatically 
and hydrophobically. 
Effect of temperature on reaction rates of ninhydrin with metal-
amino acids complexes was studied to evaluate activation parameters. 
In SDS, yellow-colored products were obtained only with 
[Cr(III)-his]^"' and [Ni(II)-his]'', but variation in [SDS] showed no effect on 
k»|,. Seemingly, the negative charge of the micelles repel the ninhydrin 
molecule, and hence SDS shows no effect on the observed rate. 
Studies in the non-ionic micelles of TX-lOO were not possible as the 
experimental temperatures were higher than the cloud-point of TX-lOO 
(66 °C) due to which turbidity appeared. 
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CHAPTER 1 
GENERAL INTRODUCTION 
Recently, much effort has been directed towards the utilization of 
organized media to modify reactivity and regioselectivity of products. 
Among the many ordered or constrained systems utilized to organize the 
reactants, the notable ones are micelles, microemulsions, liquid crystals, 
inclusion complexes, monolayers and solid phases such as adsorbed 
surfaces and crystals. Judicious selection of a given organized system for a 
given application requires a sufficient understanding of the properties of 
the organized media themselves and those of the substrate interactions 
therein. Due to their widespread uses in many industrial applications there 
has been an increasing interest in the surfactant organized assemblies both 
from academic and applied points of view. A fundamental understanding 
of the physical chemistry of surfactant organized assemblies, their unusual 
properties, and phase behavior is essential for most industrial chemists. 
The use of ninhydrin for the detection/estimation of amino acids has 
great potential in revealing latent fingerprints.'"^ The use depends on the 
formation of Ruhemann 's purple (diketohydrindylidenediketohydrind-
amine).^'"' The method, though useful, still has much room for 
improvements. Continuous efforts are, therefore, being made to improve 
the method.""^"^ In this context, addition of metal ions and the order of 
addition of reagents have been widely used in the preservation. 24-26 
As self-organized systems constituted of amphiphilic molecules have 
some particularities which make them attractive for chemical 
reactivity, '^"'*^ we have made kinetic studies on ninhydrin-metal-
coordinated amino acid reactions in micellar media with a view to find 
some applications to improve contrast and visualization of ninhydrin 
developed fingerprints that may prove a step forward from the methods 
already used in current forensic research. 
The points discussed sequentially below are: (i) surfactants and their 
classification, critical micelle concentration, micellar organization and 
properties, (ii) ninhydrin - amino acid and ninhydrin - metal-coordinated 
amino acid reactions, and (iii) kinetic treatments of reactivities in micellar 
systems. 
A. Surfactants and their Classification. Critical Micelle Concentration. 
Micellar Organization, and Properties 
Surfactants and their Classification 
A prerequisite to understanding reaction kinetics in micellar systems 
is the understanding of the structures and properties of the micelles 
themselves. Fortunately, for micelles derived from surfactants of simple 
structure, a good deal is known that is relevant to our considerations. 
Amphiphiles are molecules that have both hydrophilic and 
hydrophobic parts. Examples are relatively simple species such as short 
chain alcohols (e.g., ethanol) and amides {e.g., acrylamide). Such 
molecules are usually surface active, but do not necessarily lower 
interfacial tension significantly. While it is difficult to draw clear 
boundaries between molecular structure and what constitutes a surfactant, 
we adopt an operational definition. A surfactant is a surface active 
amphiphile that aggregates (self-assembles) in water or other solvent to 
form various microstructures such as micelles or bilayers. In adopting this 
definition, we exclude many important types of polymeric dispersants 
(e.g., gelatin, polyvinylpyrrolidone) that are surface active and serve 
important functions, such as particle stabilization against coalescence or 
flocculation, that are also performed by surfactants. However, we do not 
exclude some polymeric dispersants, such as moderate molecular weight 
block copolymeric surfactants, that do form microstructures analogous to 
lower molecular weight species. 
Surfactants derive their classification from their surface activity and 
tendency to preferentially segregate at liquid interfaces, whether gas-
liquid, liquid-liquid, or solid-liquid. They are amphiphilic in that they 
always contain at least two functional parts, solvophilic part that 
preferentially solvates in the solvent and a solvophobic part that is poorly 
solvated in the same solvent. 
Solvophilicity (hydrophilicity in the case of water) is typically 
obtained through functional groups that have high affinity for the solvent. 
These groups may be charged or uncharged. Charged groups may be fairly 
simple, such as amphiphilic acids including carboxylates, sulfates, and 
sulfonates. Charged groups may be zwitterionic or mesoionic; they may 
also occur in multiples, such as in gemini(l), bolaform(2), or polymeric(3) 
Br-(CH3)2N —(CH2)n— N(CH3)2Br-
CmH2m+ 1 CmH2m+ 1 
bis(quaternary ammonium bromide) 
OH OH OH R 
.N-(CH2)n-N 
nu ' R OH OH 
OH OH 
bis(l-amino-l-deoxy-D-glucityl)alkanes 
2 
00009— 
3 
0 0 0 0 — • the hydrophilic block, e.g., polyethylene 
oxide —(CH2-CH2-OV 
OH 
-• the hydrophobic block, e.g., polypropylene 
oxide —(CH2-CH-0)ir 
I 
CH3 
surfactants. Uncharged solvophilic groups may comprise any formally 
uncharged polar group: hydroxyl groups are most prevalent. Nonionic 
solvophilic groups tend to occur in multiples such as those found in 
glycerol poly(ethylene oxide) derivatives. 
Solvophobicity (hydrophobicity with respect to water) is most often 
expressed as a linear or branched hydrocarbon chain. Fluorocarbon chains 
also are typically hydrophobic. A wide variety of commercially important 
surfactants have more complex solvophobic groups, including variously 
substituted phenyl and naphthyl ring systems. The number of solvophobic 
tail groups, single-tail and double-tail, is an important physical parameter 
in controlling the microstructures adopted by such surfactants, since the 
packing of tail groups plays a key role in controlling the curvature such 
surfactant films may adopt (see later). 
The majority of practical surfactant systems have water as their main 
liquid component. The next largest class of surfactant systems Jtilize a 
water-immiscible organic solvent as the dominant liquid. Additional 
surfactant applications are being developed for polar solvents other than 
water, such as glycerol, ethylene glycol, formamide, and hydrazine.'"' 
Other significant applied research concerns the development of surfactants 
for fluids such as critical carbon dioxide. Block copolymeric surfactants of 
polystyrene and poIy(l,l-dihydroperfIuorooctyl aery late) have been shown 
to form polydisperse micelles in critical carbon dioxide and to solubilize 
polystyrene oligomers in such solutions/'' 
Schemes for classifying surfactants are typically based on physical 
properties or functionality. The most prevalent physical property used in 
classification is ionicity: is the surfactant charged or uncharged, ionic or 
nonionic ? 
Anionic Surfactants 
Alkali alkanoates, or soaps, are the most well known anionic 
surfactants: the ionized carboxyl group providing the anionic charge. 
These materials were classically derived from animal fats by 
saponification and are the best understood surfactants with respect to 
structure and function. However, they have largely been supplanted by 
other materials in various personal care products and applications. 
For example, detergents such as sodium dodecylbenzene sulfonate 
(SDBS) have effectively replaced soaps as laundry cleansing agents 
because of their efficacy and low cost. Alkyl sulfates, such as sodium 
dodecylsulfate (SDS), alkyl ether sulfates, alkyl sulfonates, secondary 
CH3(CH2)ioCH2VQ\—SO3 Na^ CH3(CH2)ioCH20S03"Na^ 
SDBS SDS 
alkyl sulfonates, aryl sulfonates such as alkylbenzene sulfonates, 
methylester sulfonates, a-olefinsulfonates, and sulfonates of 
alkylsuccinates are other important classes of anionic surfactants. The fatty 
acids and these sulfo compounds include the three most important anionic 
groups, carboxylate (-C02~), sulfate (-OSOs"), and sulfonate (-SO3"). 
Basicity and phase data'*^ have led to the following rank ordering of these 
groups with respect to their relative hydrophilicity: 
-C02~ » -SOs" > -OSOa" 
Phosphate mono-(-P(OH)02~) and dianions (-POs^") are also hydrophilic 
groups. While the phosphate dianions are relatively basic and protonate in 
the neutral to slightly alkaline range, they remain charged to relatively low 
pH. Their size results in relatively low charge density, however. The much 
smaller carboxylate attains a higher charge density and is the most 
hydrophilic in this series, even though it generally protonates in the pH 4-5 
range. 
Cationic Surfactants 
The most prevalent cationic surfactants are based upon quaternary 
nitrogen. Alkylammonium halides and tetra-alkylammonium halides are 
the most numerous in this class. Alkylammonium halides, such as 
dodecylammonium bromide (DAB), are excellent hydrogen bond donors 
CH3(CH2),oCH2NH3Br" 
DAB 
and can interact quite strongly with water. Such ammonium species can 
also give up a proton, and the resulting amphiphilic species is then more 
akin to anionic surfactant. Tetra-alkylammonium groups, such as dodecyl 
trimethylammonium, cannot form hydrogen bonds, but also behave as 
strongly hydrophilic groups. 
Pyridine and related species, such as quinoline, wo-quinoline, 
pyrazine, and their derivatives, form the basis for a wide class of aryl-
based quaternary surfactants. A -^alkyl pyridinium halides are easily 
synthesized from alkyl halides. The paraquat familiy of dications, based 
upon the 4,4'-dipyridyl species, has intriguing electron transfer properties 
and is widely studied in donor-acceptor systems. Although less numerous, 
phosphorous can also be quaternarized with alkyl groups to provide alkyl 
phosphonium surfactants. 
Zwitterionic Surfactants 
True zwitterions, such as a-amino acids, can become ionized by 
intramolecular proton transfer: 
NH2CH(R)C02H NH3CH(R)C02~ (1.1) 
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The combination of just about any anionic and cationic group in a single 
amphiphilic molecule confers amphoteric character and is taken to 
constitute a zwitterionic surfactant, even if intramolecular proton transfer 
is not a possibility. In the tri-alkylammonialkanoates, for example, the 
quaternary nitrogen and carboxylate are separated by the alkanoate carbon 
chain, in which the nitrogen quaternerizes with the 6^-carbon of the 
alkanoate. Similar combinations may be obtained with alkylsulfonates and 
alkylsulfates. Considerations of phase data and basicity''^ suggest that the 
relative hydrophilicities of ammonio zwitterionics decrease in the 
following order: 
ammonio-C02" » ammonio-SOs" > ammonio-OSOj" 
The betaines are a very important class of zwitterionic surfactants and 
include alkylbetaines, amidoalkylbetaines, and heterocyclic betaines. 
C„H2„*|-N-CH2CH2CH2C; 
CH3 O" 
alkylbetaine 
O CH3 ^ o 
CnH2n+i-C-NCH2CH2-N-CH2CH2CH2C^ 
CH3 0 
amidoalkylbetaine 
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Mesoionic molecules and surfactants can be represented only as 
resonance forms with formal charge separation, although the actual atoms 
bearing the formal charge are not functionally ionizable in the sense that 
anionic acid groups can be neutralized by water hydrolysis. An example is 
the following triazolium thiolate: 
CH3 
N = N 
I 
CH2(CH2)ioCH3 
2,3-dimethyl-3-dodecyl-l,2,4-triazolium-5-thiolate 
Nonionic Surfactants 
Many nonionic surfactants are structurally analogous to anionic and 
cationic surfactants, except that the headgroup is uncharged. In the absence 
of electrostatic charge, the interactions between nonionic surfactant 
headgroups are dominated by steric and osmotic forces. Most prevalent 
among the headgroups of nonionics are oligomers of ehtylene oxide. 
Simple saccharides such as glucose and sucrose are also common as 
headgroups for nonionic surfactants. The most widely studied class of 
alkyl ethylene oxide surfactants, also called alcohol ethoxylates, is 
represented as CnEm where n is the number of carbon atoms in the alkyl 
chain and m is the number of ethylene oxide units in the headgroup. A 
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related class is that of the alkylphenol ethoxylates. Triton X-100 (TX-lOO) 
is perhaps the best known member of this class. 
( C H 3 ) 3 C C H 2 C ( C H 2 ) 2 H J 3 / °^^"2CH20)9.5H 
polyethylene glycol (0-octylphenyl ether, TX-lOO 
Block copolymeric nonionic surfactants have become an important 
class of dispersants known commonly as polyoxamers and Pluronics. Such 
block copolymers are often denoted as AB (diblock) or ABA (triblock), 
where A denotes a hydrophilic ("headgroup") block, such as poly(ethylene 
oxide) (EO), and B denotes a hydrophobic block, such as poly(propylene 
oxide) (PO) or polystyrene (PS). Commercially available EO/PO 
copolymeric surfactants generally contain a mixture of homologues of 
various chain lengths. Ethylene oxide containing surfactants are generally 
considered to hydrate the extent of about three water molecules per 
ethylene oxide group. 
Alkanol amides such as ethanolamides and diethanolamides, 
alkylamides, amine ethoxylates, amine oxides (at neutral and alkaline pH), 
and polyamines are the primary nitrogen-based nonionic surfactant types. 
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Critical Micelle Concentration 
While not all amphiphiles and surfactants form micelles, many do. 
The concentration at which micellization commences, and the solubility of 
the micelles are the two most important parameters characterizing their 
isotropic solution phase in binary surfactant-solvent mixtures. We denote 
cmc as the critical micelle concentration. 
Critical micelle concentrations may be determined by many, many 
different techniques. Just about any experimental probe sensitive to the 
state of surfactant aggregation is useful for determining cmc values. 
References to determinations using most of these methods may be found in 
the classic compilation of Mukerjee and Mysels.''^ Popular techniques 
include surface tension, turbidity, self diffusion, conductivity, osmotic 
pressure, solubilization, surfactant selective electrodes, and fluorescence 
methods. Nearly all of these methods involve plotting a measure as a 
function of surfactant concentration (or as a function of the logarithm of 
surfactant concentration). The cmc is then deduced as a breakpoint, as 
illustrated in Fig. 1.1. 
There are many factors related to surfactant, solvent, additive, and 
experimental conditions which all influence the cmc (and also the 
micellization process). 
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CMC 
f(Co) 
Fig. 1.1: Change in physical property as a function of surfactant 
concentration, Co. 
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In all cases the cmc decreases as hydrocarbon chain length increases. 
For the same head group, compounds containing longer hydrocarbon 
chains form micelles at lower concentrations than those containing short 
chains. The decrease of interfacial free energy on micellization is more for 
longer chains than for short ones, and it is possible that there is more water 
structure loss from transfer of a long chain into a micelle than a short one. 
Both these factors promote micellization. 
The cmc is related to the number (n) of carbon atoms in a straight 
hydrocarbon chain by 
log cmc = a - bn (1.2) 
where a and b are constants for a homologous series; Shinoda et al.^^ have 
listed values of a and b for various homologous series. 
Nonionic surfactants form micelles at lower concentrations than 
ionic ones for the same hydrocarbon chain lengths, due to the lack of 
electrical work in transferring a monomer into a micelle for the former 
class of materials. The number of ionic groups also affects the cmc. The 
more ionized groups present in the surfactant, the higher the cmc, due to 
the increase in electrical work to form the micelles as the number of 
groups increases. 
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The position of the head group in the hydrocarbon chain also affects 
the cmc. The closer the head group to the centre of the chain, the higher 
the cmc\ due to the two branches of the chain partially shielding one 
another, interfacial energy effects are smallest when the head group is 
present near the centre, hence there is less energy, saving on micellization 
for this compound than when the head group is present at the end of the 
chain. For similar reasons the presence of a double bond in the chain 
causes an increase in cmc. 
For the ionized surfactants, the cwc's are fairly similar, and although 
the actual micellar weights vary considerably, the number of monomers per 
micelle lies between 50 and 60. The effect of different ionized groupings 
on these properties, including cmc, is therefore not large. 
Increasing the polyoxyethylene chain length makes the monomer 
more hydrophilic, and the cmc increases. 
The nature of the counterion in the case of ionized surfactants has 
some effect on the cmc. A similar tendency for the cmc to decrease, 
following the lyotropic series, has been found for dodecyl-
trimethylammonium halides by Anacker and Ghose.^' They found that the 
aggregation number increased as the cmc decreased, cmc's were lowest for 
the least-solvated counterions. 
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The addition of salts decreased the cmc of ionized surfactants, 
presumably because the screening action of the simple electrolytes lowers 
the repulsive forces between the polar head groups, and less electrical 
work is required in micelle formation. The micelle size increases with 
increased salt concentration, due to the reduction in electrical repulsions 
affecting the balance of forces upon which the size of the micelle depends. 
While the effective charge on the micelles, p (the number of charges per 
micelle), increases with salt concentration, the actual degree of 
dissociation which is p/n remains roughly constant. 
The addition of non-electrolytes like urea and dioxan to solutions of 
ionic and nonionic surfactants^ '^^ '* has been shown to lead to an increase in 
the cmc. Urea is generally believed to break the structure of water^', and to 
decrease the structuring around the hydrocarbon chains, hence reducing the 
driving forces for micellization. 
The effects of alcohols of varying chain length on the cmc's of a 
series of potassium soaps has been measured^^'^^'"; the cmc's were 
decreased by the presence of alcohols. Association of molecules of the 
alcohol with the micelles can be expected, and it is possible that the charge 
density at the micelle surface is decreased by this association. Similar 
effects have been found for various hydrocarbons in ionic surfactants.^^'" 
18 
The cmc would at first sight be expected to increase as temperature 
increases, due to a thermal agitation decreasing adhesion between 
monomers, so shifting the equilibrium to favor the monomeric species. 
This is probably true for ionized surfactants at higher temperatures. At 
lower temperatures the cmc decreases with increasing temperature, 
probably due to desolvation of parts of the monomer which make it more 
hydrophobic. 
For nonionic surfactants the cmc decreases with temperature up to 
the highest value measured, indicating that desolvation effects on both 
hydrocarbon and polyoxyethylene chains of the monomer may be so large 
that they outweigh possible effects of thermal agitation in breaking up the 
micelles. 
The effect of pressure on a series of alkyltrimethylammonium 
bromides and on sodium dodecyl sulfate has been studied. The cmc 
increases up to pressures of about 1000 atmospheres and decreases with 
further increase of pressure. 
Micellar Organization 
The details of micellar structure have been intensely investigated 
over the years and many different methods of analysis have been applied. 
The resolution at the atomic level of surfactant packing in micelles is what 
we mean by structure. The early Hartley model^ *' suggested a nominally 
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spherical model for micellar structure. However, the issue of micellar 
sphericity was somewhat controversial for some years as the shapes of 
micelles and the consistency of such shapes with molecular packing 
constraints were debated. 
An associated issue has been the accessibility of water to the core of 
micelles. A simple model of spherical micelles with headgroups densely 
populating the surface and the hydrophobic tails filling the interior or core 
is a convenient model (Fig. 1.2), but one that sometimes neglects actual 
packing constraints. Space-filling models^^ of straight chain (mostly all 
trans) surfactants show that spherical micellar structures could be 
obtained, maintaining all head groups at the surface, while allowing some 
tail segments to have some surface proximity. Such surface accessibility of 
tail groups has since been confirmed experimentally." 
The structure of a normal micelle just above the cmc can be 
considered as roughly spherical.^ '^^ •''^ '' When the hydrophobic portion of 
the surfactant is a hydrocarbon chain, the micelle will consist of a liquid-
like hydrocarbon core. The radius of this core is roughly equal to the 
o 
length of fully extended hydrocarbon chain (~ 12 - 30 A). The polar head 
groups and bound water are regularly arranged at the micellar surface 
which is rough.^^ Menger has proposed that water can penetrate inside the 
micelle upto a certain level,''^ '^ ^ the idea gets support from fluorescence 
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I 
Gouy-ChQpman Layer 
S h e a r Surface 
Fig. 1.2: Model of hypothetical cationic micelle showing the locations 
of head groups, surfactant chains and counterions. Curved arrows 
symbolize the liquid-hydrocarbon-like nature of the core. 
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and ' H N M R measurements. Partial molar volume determinations indicate 
that the alkyl chains in the core are more expanded than those in the 
i\i Aft 
normal liquid state. ' 
The nonionic micelles arrest water molecules at the palisade layer by 
hydrogen bonding of water with the polyethylene oxide groups.^^ Water 
may remain trapped in this region. 
In ionic micelles the surface potentials are high^ '^^ ^ and a significant 
fraction of the counterions (60 - 90% )'° are located in a compact region 
known as 'Stern layer'^^ which extends from the core to within a few 
angstroms of the shear surface of the micelle. The core and the Stern layer 
form the 'kinetic micelle'. Most of the remaining counterions are, 
however, located outside the shear surface in the region called 'Gouy-
Chapman electrical double-layer'. The charge of the kinetic micelle is 
neutralized by these counterions. Counterions are bound primarily by the 
strong electrical field created by the head groups but also by specific 
interactions that depend upon head group and counterion type.^'''^^'^' A 
two-site model has been successfully applied to the distributions of 
counterions; i.e., they are assumed to be either "bound" to the micellar 
pseudophase or "free" in aqueous phase.'^'^'^ The head group and 
counterion concentrations in the interfacial region of an ionic micelle are 
on the order of 3 - 5 mol dm~ ,^ which gives the micellar surface some of 
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the properties of concentrated salt solutions.^'''''''^ Although the solution as 
a whole is electrically neutral, both the micellar and aqueous pseudophases 
carry a net charge because thermal forces distribute a fraction of the 
counterions radially into the aqueous phase.'"''''' 
To summarize, micelles, with dilute surfactant, are typically 
spherical but, with increasing [surfactant], and on addition of hydrophobic 
solutes or low charge density ions, micelles grow and become ellipsoidal. 
Twin-tailed surfactants may form vesicles, addition of cosurfactants and 
nonpolar solvents generates microemulsions, and more ordered structures 
form with more concentrated surfactant.'^''^''^ 
Packing considerations constitute a factor which determine the shape 
of surfactant association structures. A critical ratio (Rp) involving the 
nature of the head and tail groups of the surfactant have been devised by 
Ninham and coworkers'^''^ for several of the possible aggregation shapes 
V 
Rp= (1.3) 
dole 
where V is the volume of the amphiphile's hydrocarbon tail, Oo is the 
optimum cross-sectional area per amphiphile molecule, and 4 is the length 
of the fully extended hydrocarbon tail. 
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The optimum cross-sectional area is determined experimentally by 
X-ray diffraction of bilayer systems, while the volume and length of the 
Rfl 
hydrocarbon tail may be calculated following Tanford formulas 
o 3 
V = (27.4 +26.9 n) A (1.4) 
/, = (1.5 + 1.265 n) A (1.5) 
The following rules have been derived for predicting the dependence 
of structure on the Rp^*-'^ '^ '-^^ 
Rp System architecture 
< 1/3 spherical micelles 
1/3 to 1/2 rod-shaped micelles 
1/2 to 1 vesicles or bilayers, 3-
component o/w and biconti-
nuous microemulsions 
> 1 reverse micelles, w/o micro-
emulsions 
Here are some examples of how the rules work. For SDS, 
V/aolc < 1/3, indicating spherical micelles. The area per head group of 
ionic surfactants can be decreased by adding salt, neutralizing head groups 
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on the micelle's surface, and allowing them to get closer together. When 
enough salt is added to an SDS solution, QQ decreases, V/Ook increases 
above 1/3, and rod-shaped micelles form. The double-chain surfactant 
didodecyldimethylammonium bromide (DDAB) has V/aok ~ 0-82; it does 
not form micelles. DDAB exists in lamellar dispersions in water and 
readily forms three-component o/w and bicontinuous microemulsions. 
These rules provide predictions only; exceptions may occur. 
Properties 
Solubilization 
A key property of regular micelles is that they can promote 
solubility of compounds otherwise insoluble in aqueous solution. To the 
extent that they solubilize a significant amount of water insoluble or 
immiscible material, such swollen micelles are known as microemulsions. 
Similarly, reverse micelles are important because they tend to solubilize 
water or other polar liquids in oil or other immiscible solvents. Reagents or 
compounds soluble in water may then readily be solubilized in such water 
swollen micelles. Such water-swollen micelles are also known as reverse 
microemulsions. 
Micellar solubilization is important even when the amount of 
material solubilized is relatively small, such as when only few molecules 
are contained per micelle. Micellar solutions make it possible to evaluate 
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the acid-base or electrochemical properties of otherwise insoluble 
compounds. They make it possible to carry out certain chemistries related 
to micellar catalysis. Micelles provide a means for the molecular transport 
of insoluble species through an otherwise unfavorable solution phase. For 
example, micellar-mediated transport can be used to expediate crystal 
ripening and growth, which may be desirable or can be an unwanted side 
effect of having excess surfactants present in metastable and multiphase 
systems. Micelles play a fundamentally important role in emulsion 
polymerization. All of these features rest fundamentally on the initial 
solubilization of a key, but otherwise insoluble, chemical agent. 
Catalysis 
As alluded to earlier, micellar catalysis is an application area where 
the solubilization of a reagent in the micelle is an important first step. The 
results of micellar catalysis can be roughly characterized in terms of two 
components. The first component is reagent localization where, as a result 
of favorable partitioning equilibria, the reagent or reagents are 
concentrated within the micelle, thereby providing an increase in the 
collision frequency among the reagents. The second component is a field 
or "solvent" effect, in which the catalyzed reaction proceeds more 
favorably because of the detailed chemical-environmental effect of the 
micellar milieu upon the transition state of the reaction in question. Of 
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these two components, the first is by far the most often encountered and 
best understood. 
Early studies have shown that both electrostatic and geometric 
factors may be important in micellar catalysis. The kinetics of alkaline 
decomposition of indoaniline dyes catalyzed in SDS and TX-lOO micelles 
can be used to determine the surfactant cmc, the partition coefficient of the 
dye in the micelles, and the rate constant for decomposition. Micellar 
solubilization has also been shown to retard alkaline decomposition when 
the reactive site is buried within the micellar interior where hydroxide 
attack is significantly activated. 
The greatest diversity of catalytic processes in micelles has been 
obtained in reverse micellar systems. An excellent summary of the scope 
of such chemistry has been provided by Pileni.*'' Such reverse micelles are 
typically water-swollen, and, in fact, are reverse microemulsions. The type 
of catalytic chemistry available is essentially any chemistry that can be 
incorporated in an aqueous system. However, the water-surfactant-oil 
interface broadens the scope of available chemistries, since high water 
solubility is not a necessary condition for effective incorporation of 
enzymes and other catalysts and reagents. The range of chemistries 
pursued in such systems includes donor-acceptor photochemistry, 
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inorganic nanoparticle synthesis, polymerization, proton ionization and 
transfer, and enzyme catalysis. 
B. Ninhvdrin-Amino Acid and Ninhvdrin-Metal-Coordinated Amino 
Acid Reactions 
Ninhydrin-amino acid reactions 
Ninhydrin (4) is a compound which was first reported in the 
literature in 1910.*^ It is the stable, hydrated product of 1,2,3-indanetrione 
(eq. 1.6). Ninhydrin has been a useful compound in organic chemical, 
biochemical, analytical, and forensic sciences.*^ Its varied applications 
include the qualitative and quantitative assay for a-amino acids in 
bioanalytical work and the visualization of fingerprints in forensic science. 
>—0 
+ H2O 
-H2O 
(1.6) 
The chemistry of ninhydrin has been extensively studied. Much of 
the work has been directed toward the reaction of amines with 
85,86 
ninhydrin. ' Primary amines and a-amino acids react at the C-2 position 
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of ninhydrin and eventually lead to the formation of a highly colored, 
condensation product known as Ruhemann 's purple (diketohydrindylidene-
diketohydrindamine, DYDA). In addition to nitrogen-based nucleophiles, 
the C-2 position of ninhydrin has also been found to react with sulfur-, 
R7 on 
oxygen-, and carbon-based nucleophiles. " Despite the highly 
electrophilic character of the C-2 position, little work has been done to 
examine the electrophilic chemistry of ninhydrin toward aromatic 
substrates. Ninhydrin was reported to react in high yields with phenols in 
acetic acid, and more recently, a Friedel-Crafts type reaction of 4 with 
arenes was described in which 2,2-diaryl-l,3-indanediones were 
prepared. 91-93 
The reaction of an amine functionality with ninhydrin has immense 
biological and analytical significance as it serves as a model for several 
biochemical reactions that occur in the metabolism of deamination and 
transpeptidation '^*'^ ^ as well as it is involved in the most common method 
for the analysis of amino groups.^ '^^ ^ Because of significance in the 
detection and quantitative estimation of a-amino acids, Ruhemann'spurple 
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became the focus of numerous structural and mechanistic studies.^ '^^ '^^ ^ 
Initially, it has been observed that the ninhydrin-amino acid reaction does 
not yield reproducible results, and thus the estimation of a-amino acids is 
not appropriate. To solve this problem, a number of workers directed their 
studies towards this emerging and challenging front and tried to give a 
reproducible and simple method of quantitative estimation of a-amino 
acids. 
The formation of Ruhemann 's purple involves three general steps: 
1) the initial attack of the amine function on ninhydrin; 2) oxidation and 
reduction steps leading to intermediates along the pathway; and 3) 
formation oiRuhemann'spurple from these intermediates. 
Friedman and Sigel'^ studied the kinetics of the ninhydrin reaction 
with amino acids and measured the rate of color development at 30 and 
100 °C. The reaction rate was shown to be a function of basicity (of amino 
acid) and steric environments of the amino groups. A linear free energy 
equation was also derived on the basis of observed reactivity at 30 °C that 
permits calculation of separate polar and steric parameters associated with 
the amino acids which influence the rates. They proposed that rate 
determining step in the ninhydrin reaction appears to involve a 
nucleophilic type displacement. 
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The general mechanism for this reaction in aqueous medium with the 
pH range of 4.0 - 5.5 is given as Scheme 1.1.'^ The amount of reaction 
products (carbon dioxide, aldehyde, ammonia, hydrindantin and purple 
colored DYDA) depend upon the conditions of reaction medium, i.e.; pH, 
temperature, and [ninhydrin]. The mechanism (Scheme 1.1) involves, as 
the first step, formation of a Schiff base B, which is a case of the 
generalized condensation of a carbonyl compound with an amine.^^ The 
intermediate C is then produced by electronic changes which involves 
decarboxylation. The decarboxylation step is not the rate-determining 
because at pH 5 it is expected to be unimolecular and not subjected to 
steric hindrance. The hydrolysis of C to 2-aminoindanedione (Di) could 
not be rate controlling either because the rate should be governed by steric 
factors alone.'"^ The reaction between Di and ninhydrin also involves a 
nucleophilic cype displacement of a hydroxyl group of ninhydrin by a 
nonprotonated amino group, leading to the formation of DYDA. The 
intermediate Di participates in two parallel reactions (Scheme 1.1). At 
pH < 5.0, the reaction proceeds chiefly by route (b), where ammonia is 
evolved quantitatively and no purple color is formed. In solutions of 
pH > 5.0, route (a) predominates and, under these conditions, color 
formation is the basis of the analytical method.'°' 
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SCHEME 1.1 
(hydrindantin) 
Khan and coworkers"'^''^'* carried out detailed kinetic and 
mechanistic studies on the ninhydrin-amino acid reactions by varying pH, 
temperature, concentration of reactants, and organic solvents. (It was 
observed'^ '^"^^ that the rate of evolution of CO2 was fast in comparison to 
the rate of purple color formation of DYDA. At 80 °C, the evolution of 
CO2 was completed within 20 min while the intensity of the purple color 
was negligible within this time period). They proposed mechanisms for the 
development of the purple color as well as for the decarboxylation process. 
As the amino group of amino acids is protonated at low pH (and thus does 
not possess the free electron), they found that nucleophilic attack of amino 
group of amino acids on carbonyl group of ninhydrin was not possible and 
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decarboxylation did not occur. They also noticed that with the increase in 
pH, the equilibrium shifted towards unprotonated amine which, in turn, 
increased the rate of decarboxylation. Consequently, Scheme 1.1 was 
modified"'^'"^ where D, was considered as a stable intermediate that 
behaved as reactant for the formation of DYDA and, unlike Scheme 1.1, 
the conversion was considered as a three-step process, i.e., 
o J^|^r\= 
K, 
DYDA E 
SCHEME 1.2 
Accordingly, the following rate equation was established'"^"'"^ for the 
formation of DYDA in aqueous medium at pH > 5.0, 
Koh<! 
Keg k2 Ka [N] 
[H1 
(1.7) 
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Kabir-ud-Din et 0/.'°^''°^ have performed systematic kinetic 
studies of tiie ninhydrin-amino acid reactions in presence of a 
variety of surfactant micelles at different temperatures as well as at 
different concentrations of various organic and inorganic salts. They 
have reported that the cationic surfactant micelles catalyze the 
reactions. 
Ninhydrin - metal-coordinated amino acid reactions 
Earlier, it has been mentioned that the ninhydrin reaction is used 
extensively for identification and quantitative determination of a-amino 
acids. As the color of the purple dye faints at room temperature, several 
attempts to stabilize it were made. Though a variety of development 
conditions were explored, most methods were not sufficiently sensitive."° 
Effects of metal ions on this reaction were also carried out with this view 
point. Various cations impair the ninhydrin reaction'" but this inhibition is 
overcome in the presence of citrate buffer."^ Some cations have also been 
observed to stabilize the colored spots of amino acids obtained on paper 
chromatograms.^'*'" ^  
Moore and Stein'"' were the first to explain the role of stannous 
chloride on the ninhydrin reaction by proposing that the addition of 
stannous chloride to the ninhydrin solution blocked the oxidative side 
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reaction and enhanced the color yield. During the reaction, hydrindantin 
was formed by the action of stannous chloride on ninhydrin. Hydrindantin 
is highly insoluble in water and requires addition of an organic solvent 
which would keep this compound in solution during the course of reaction 
and during the storage of this reagent solution. These workers had chosen 
1:1 water-methyl cellosolve mixture which did not evaporate on water bath 
at 100 °C and did not precipitate sodium citrate from the buffer. 
Kawerau and Wieland "^* reported a method for the preservation of 
chromatograms using Zn(II), Cd(II), Co(II), and Cu(II) metal ions. Though 
colored pigments were obtained with all the metals, Cu(II) spraying 
reagent was preferred. When ninhydrin-stained amino acid chromatograms 
were sprayed with this reagent, all amino acids produced a reddish color 
except for L-proline and rraf«.s-4-hydroxy-L-proline. 
Meyer and Riklis'" found that the addition of any of the cations 
Al(III), Hg(II), Fe(II), Mn(II), Sn(II), Ag(I), and Cu(II) to a reaction 
mixture containing alanine, water, and ninhydrin in «-butanol inhibits the 
formation of DYDA. The presence of Ca(II), Ba(II), and Cd(II) caused the 
formation of red colored complexes. The inhibiting effect of cations could 
be entirely eliminated by the addition of chelating agents like disodium 
salt of ethylenediamine tetraacetic acid. The colored product formed in 
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presence of the chelating agent was uniform and had sharply defined 
absorption maxima at 410 and 570 nm. 
For the quantitative determination of separated amino acids 
occurring in protein hydrolysates, Atfield and Morris"'* recommended a 
cadmium-ninhydrin reagent. They prepared the reagent by dissolving 
0.05 g cadmium(II) acetate in a mixture of 5 cm^ water and I cm'^  acetic 
acid and added 50 cm"' acetone and 0.5 g ninhydrin. 
Krauss"^ studied the staining of amino acids with metal salt-
ninhydrin mixtures. The degree of color development resulting from the 
reaction of 21 different amino acids with a ninhydrin-metal salt mixture, 
where the metal salt was CuCOs, Cu(0H)2, CuCl2, ZnS04, Ni(N03)2, 
FeCls, FeCl2, LiCOj, MgS04, Pb(N03)2, Hg(0AC)2, C0CO3, or MnCb, 
was compared with the color development resulting from the reaction with 
a mixture containing 0.1 g cadmium acetate, 10 cm^ H2O, 5 cm'' acetic 
acid, and 1 g ninhydrin in 100 cm^ acetone. The metal salts changed the 
ninhydrin color to green, blue, violet, brown, orange, yellow, or red. 
Iskierko et alV^ studied the stability of some divalent metal ions 
forming complexes with DYDA for the determination of amino acids. The 
complexes of Cd(II), Co(II), Ni(II), Zn(II), Hg(II), and Cu(II) were 
evaluated for the photometric determination of leucine, valine, alanine, and 
serine after their paper chromatographic separation by development with 
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4:1:1 butanol-acetic acid-H20. After detection of separated amino acids 
with ninhydrin, the chromatograms were immersed in 0.003 mol dm" 
metal ion solution in acetone, the spots were then eluted with 70% alcohol, 
and the absorbance of the alcohol solution was measured. It was found that 
the molar absorptivity of the complexes decreased in the order 
Cd(II)>Cu(II)>Co(II)>Ni(II)>Hg(II)>Zn(II). The calibration curves were 
linear for 0.05-0.25 |i mol dm'"'' complex at 510 nm for Cu(II), Cd(II), and 
Hg(II) and at 580 nm for Co(II), Ni(II), and Zn(II). 
Seiji et alV^ studied the chromatographic detection and 
determination of amino acids and related compounds. A solution which 
contained buffer, ninhydrin, and metal complexing agents but did not 
contain reducing agents, was used for the chromatographic detection. The 
reaction was carried out at 135 - 200 °C. These authors reported that at 
high temperature, the ninhydrin reacted with amino acids or related 
compounds even without reducing agents, thus the disadvantage resulting 
from the presence of hydrindantin in the reagent solution could be 
eliminated. A sodium acetate buffer-methylcellosolve mixture (25:75) 
contammg 2 x 1 0 mol dm" cyclohexanediaminetetracetic acid and 1 mol 
dm"^  ninhydrin was mixed with the eluate from the chromatography 
column of an automatic amino acid analyzer, the mixture was then passed 
through a reaction column heated at 135 °C, and then led into the 
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absorbance measurement unit. The detection efficiency for glycine, 
tyrosine, and NH3 was found to be quite satisfactory. 
Ganapathy and Radhakrishnan^^ suggested a convenient paper 
chromatographic method for determination of dipeptides. Twelve 
dipeptides with glycine were tested for their reaction on paper with the 
cadmium-ninhydrin reagent. All the dipeptides tested gave a yellow 
chromophore with a m^ax at 390 nm. 
Singh et al}^^ investigated the effect of Mn(II), Fe(II), and Mo(II) 
on the ninhydrin color development with DL-alanine and DL-tyrosine. 
Maximum enhancement of color occurred with Mn(II) followed by Fe(II) 
and Mo(II). Effect of Mn(II) on color development with different amino 
acids (except L-proline and L-hydroxyproline) was also studied; all amino 
acids showed color enhancement which was four-fold with L-alanine, L-
glutamine, and L-leucine; three-fold with P-oxalyl diaminopropionic acid, 
DL-leucine, L-methionine, DL-glutamine, DL-homocystein, L-
phenylalanine, L-threonine, L-taurine, and DL-valine; two-fold with L-and 
DL- asparagine, L-arginine, L-cystein, L-cystine, L-histidine, L-isoleucine, 
L- and DL-lysine, DL-methionine, L-norleucine, L-ornithine, DL-
phenylalanine, L-serine, L-tyrosine, L- and DL-tryptophan, and L-valine; 
and one-fold with L-asparate, DL-asparate, DL-alanine, L- and DL-
glutamine, glycine, glutathione and histamine. 
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Ganapathy et al.^^ developed a Cu(II)-ninhydrin reagent to 
distinguish qualitatively small a-peptides and a-amino acid amides from 
free amino acids on paper chromatography. They reported that all the 
peptides, except the peptides containing N-terminal L-tryptophan, gave a 
yellow chromophore with a ^^ax at 395 nm and suggested the minimum 
structural requirement around the a-peptides linkage for the formation of 
the yellow chromophore with the Cu(II) - ninhydrin reagent as 
- C H - C O - N : 
I 
NH2 
These authors developed chromatorgrams of amino acids or peptides with 
a single phase solvent system, /50-propanol-water (4:1), by three different 
spraying methods: 
a) The dried chromatogram was uniformly sprayed with metal-ninhydrin 
solution, air dried and heated at 65 °C for 30 min, 
b) The dried chromatogram was first uniformly sprayed with ninhydrin 
solution, then air dried and heated at 65 °C for 30 min. The paper was 
then sprayed with the metal salt solution and air dried. 
c) The chromatogram was uniformly sprayed with the metal salt solution 
and air dried for 10 min. The paper was then sprayed with the ninhydrin 
solution, air dried and heated at 65 °C for 30 min. 
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The results of these studies are summarized in the following table 
which show the importance of order of mixing: 
Amino acid 
or 
peptide 
Glycine 
L-Leucine 
L-Phenyl-alanine 
Gly-L-Gly 
L -Leu-Gly 
Gly-GIy-L-Leu 
With ninhydrin 
purple 
purple 
purple 
purple 
purple 
purple 
Color produced 
ninhydrin 
followed by 
Cu(II) 
red 
red 
red 
red 
purple 
red 
Cu(II) 
followed by 
ninhydrin 
orange 
pink 
pink 
yellow 
yellow 
yellow 
In their investigations of the effect of salts, acids, alkali, and buffer 
solutions, D'Aniello et al}^^ found that of the salt solutions examined, 
only Cu(II) and Fe(III) interfered with the color yield of the Cd(II)-
ninhydrin-amino acid reaction. Also, very low concentrations of these ions 
were sufficient to inhibit color development. These two metal ions 
probably form a molecular complex with the ninhydrin and amino acid 
molecules. 
Stoilovic et alV found that the fingerprints developed with 
ninhydrin when treated with various metal salts form stable and 
colored complexes. Many of these colored complexes can be used to 
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increase the sensitivity of detection of latent fingerprints because of 
photoluminescence properties. The intensity of photoluminescence is 
increased at low temperature (77K) and this is a common 
characteristic with the salts of IIB group of the periodic table. 
Spectral characteristics of these group IIB metal complexes and the 
influence of environmental factors on their formation were reported. 
These data help in determining the optimal conditions for the 
enhancement of ninhydrin-developed fingerprints. 
Lennard et al}^ determined the crystal structures of IIB (Cd(II), 
Hg(II), Zn(II))-DYDA complexes by X-ray diffraction studies. All the 
three complexes were having similar structures and contained a 1:1 ratio of 
metal-to-chelating agent (DYDA). DYDA acted as tridentate ligand and 
the metal ions were also bound to one iodide ion and two water molecules 
to form a distorted octahedral coordination complex as shown below: 
M -
H 2 0 ^ I ••"OH2 
I 
Coordinated water in the complex explains the need for moisture in the 
color enhancement procedure. 
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The studies of Rao and Reddy'^° indicate that the intermediate Schiff 
base formed by the condensation of ninhydrin with glycine could be 
trapped in presence of metal ions (Co(II), Ni(II) and Zn(II)). The Schiff 
base complexes, characterized by using a variety of methods, were found 
to possess octahedral stereochemistry. The following structure was, 
therefore, proposed: 
Studies on the kinetics of the interaction of ninhydrin with amino 
acids in aqueous medium in the presence of metal ions were first 
undertaken by Khan and coworkers.'^'"'^^ They found that the presence of 
metal ions in the system favored the condensation by enhancing 
polarization of carbonyl group of ninhydrin, thereby promoting the 
nucleophilic attack. The reactions had features of a template mechanism. 
C. Kinetic Treatments of Reactivities in Micellar Systems 
The chemical literature in the period 1900-1958 contains a scattering 
of reports concerning reaction kinetics in aqueous media containing ionic 
or nonionic surfactants'^^. However, substantial insight into this area was 
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first achieved in 1959 by Duynstee and Grunwald'^^ in their study of the 
effects of cationic and anionic surfactants on the rate of alkaline fading of 
cationic triphenylmethane dyes. Since that time, related studies have been 
appearing at an increasing rate, and interest is still growing. 
Early experiments were carried out primarily in dilute aqueous 
solutions of ionic micelles but recent work includes the effect of 
microemulsion'^^, reverse micelles'^', monolayers'^^, and vesicles.'^' 
Progressively more sophisticated quantitative treatments of micellar effects 
on reaction rates and equilibria developed over the same time period. 
Chaimovich and coworkers'''^ showed that the pseudophase ion exchange 
model provides a unified approach for interpreting many of these effects. 
It is the micelles, rather than individual surfactant molecules, which 
are responsible for altering the rates of reactions in solutions of 
surfactants. 
The rate acceleration or inhibition 6f reactions in micellar solutions 
arises from different rates of reaction of tl)ie substrate in the micellar phase 
and in the bulk solution and the distribution of the substrate between these 
two phases. Basically, these rate effects can be attributed to electrostatic 
and hydrophobic interactions between the substrate and the surfactant 
aggregate. 
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However, the fact that the experimental results are often complex, 
and do not bear out the expectations based on purely electrostatic 
considerations, indicates that such an explanation is an oversimplification. 
Indeed, substrate specificity has been observed in a number of micelle-
catalyzed organic reactions.^'''""'^* Substrate specificity, as in the case of 
enzyme-catalyzed reactions, arises from differences in the nature and 
extent of solubilization, i.e. substrate-micelle binding, and from 
differences in the reactivity of the substrate in the micellar phase and in 
the bulk solvent. 
Though the use of surfactant structures to alter or enhance reaction 
rates has been known for several decades'^'', the use of surfactant structures 
to control reaction pathways is a fairly recent development. An example of 
wide interest is the use of ionic surfactants to facilitate charge separation 
and retard back reactions in sensitized photochemical generation of 
hydrogen from water.'^^ 
Micellar effects upon reaction rates and equilibria have generally 
been discussed in terms of the pseudophase model, and this approach will 
be followed here. The model aids in the interpretation of the catalytic 
activity of functionalized micelles used as models for enzymatic sites'''" 
and is applicable to the effects of reverse micelles, microemulsions, and 
vesicles on reaction rates and equilibria. Bunton - "father of micellar 
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kinetics""*' - has observed'*'*: "The development of a quantitative 
understanding of chemical reactivity in solution has depended on the 
willingness of chemists to use models that are no more than crude 
approximations. For this reason it is useful to accept the pseudophase 
model, despite its imperfections, until it either fails to fit the data, or is 
replaced by a better model". 
Rates of chemical reactions (R^) in micellar solutions are usually 
considered to be the sum of rates in the continuous aqueous phase (Rw) and 
the micellar pseudophase (Rm): 
Rii/ ~ R-w + Rm (1-8) 
Micellar solutions are macroscopically homogeneous, but the total 
volume of the uniformly distributed dynamic aggregates of surfactant 
monomers is assumed to act as a separate phase, the micellar pseudophase, 
of constant properties.'^'''*^ Pseudophase formation begins at the cmc, and 
all additional surfactant forms micelles with the monomer concentration 
remaining constant and equal to the cmc. 
Provided that equilibrium is maintained between the aqueous and 
micellar pseudophases (designated by subscripts w and m), the overall 
reaction rate will be the sum of rates in water and the micelles and will 
therefore depend upon the distribution of reactants between each 
46 
pseudophase and the appropriate rate constants in the two pseudophases. 
(Solutes enter micelles at near diffusion rates''*''•''*'' and most thermal 
reactions are too slow to perturb this equilibrium transfer). 
Micelle-catalyzed reactions can be treated in a manner analogous to 
that used for enzymatic catalysis: 
nD , " Dn + S^ ^ ^ ^ - Sn, 
k 
w m 
-»- Products(P)-<-
SCHEME 1,3 
where Dn is the micellized surfactant, S is the substrate, and k'^ and k'm 
are the first-order rate constants for product formation in the bulk solvent 
and in the micellar phase, respectively. The concentration of micellized 
surfactant is that of total surfactant less that of monomer which is 
assumed to be given by the critical micelle concentration i.e. ([Dn] = 
[surfactantjx - cmc). 
The rate equation for the Scheme 1.3 is given by 
-d([S,v] + [S„,]) -d[S]t d[P] 
= = (1.9) 
dt dt dt 
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and 
d[P] 
= k\v[S,,] + k' , [S J (1.10) 
dt 
where [S], is the stoichiometric concentration of the substrate at time t. 
(Here, and elsewhere, the quantities in square brackets denote molarity in 
terms of total solution volume, which is approximately that of the aqueous 
pseudophase). The observed rate constant for the product formation, kvp is 
given by: 
-d[S]t 
k,,= / [ S ] t = k'w Fw + k'„, Fn, (1.11) 
dt 
where F^ and Fm are the fractions of the uncomplexed and complexed 
substrate. Often, for a pseudo-first-order process [Dn] » [Sm] and F^ is 
constant. The equilibrium constant, Ks, can be expressed in terms of 
concentrations and also in terms of the fractions of the complexed and 
uncomplexed substrate: 
[Sn,] F , 
Ks = = (1.12) 
([S]t - [Sn,]) [Dn] [Dn](l-F„,) 
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Combination of equations (1.11) and (1.12) and rearrangement leads to: 
k\v+ k'n, Ks[Dn] 
k„ (1.13) 
1 +Ks[D„] 
Equation (1.13) is similar in form to the Michaelis-Menten equation of 
enzyme kinetics"'*^ and successfully fits the sigmoidal rate-surfactant 
profiles of micellar-catalyzed unimolecular reactions; i.e. k^ ,, increases 
initially and then plateaus once all the substrate is bound. Rearrangement 
of equation (1.13) to the linear double reciprocal form of equation (1.14), 
similar to the Lineweaver-Burk equation''*^, allows both Ks and km to be 
estimated from the kinetic data. Rate enhancements of 3-700 fold are 
observed for a number of spontaneous hydrolyses and 
decarboxylations.^^'^^ Values of Ks cannot be measured independently for 
these substrates because the decompose spontaneously, but the kinetically 
determined values are reasonable. 
1 1 1 
= + (1.14) 
(kV- k,,) (k\v- k'm) (k'w- k'm) Ks[D„] 
The simple distribution model applied to unimolecular reactions 
fails for higher order reactions. Bimolecular reactions, for example, show 
the same increase in observed rate above the cmc, but with increasing 
surfactant concentration the rate passes through a maximum and then 
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47 gradually decreases instead of remaining constant. The results for the 
addition of CN~ to N-alkyl-3-carbamoylpyridinium ions are typical.'''^ This 
consistent pattern, except for certain predictable limiting cases'''^, was 
surprising at first because experimental conditions were selected lo mimic 
those of enzyme catalyzed reactions.'^°''^' The concentration of the second 
reactant was either buffered, if H"^  or OH", or in large excess over the 
substrate, with salt added to control ionic strength. The observed rate was 
expected to plateau once all the substrate was bound. However, unlike 
enzyme kinetics experiments, the surfactant concentration in micellar 
catalyzed reactions is usually in large excess over both reactants. This 
difference is crucial because, unlike enzymes, increasing the micelle 
concentration can significantly alter the concentrations of both reactants in 
both pseudophases. 
The maxima in rate-surfactant profiles are produced by two 
opposing effects. Binding of reactants begins at the cmc, and transfers 
them into the small volume of the micellar pseudophase. If the binding 
with substrate and nucleophile (it is necessary to consider the transfer of 
the second reagent, e.g., a nucleophile, X, between the two pseudophases) 
are large, the reactants' concentration within the micellar pseudophase in 
moles per dm^ of micellar volume can be 100-1000 times greater than their 
stoichiometric concentrations. The concentration effect is opposed by 
continuous dilution of the reactants within the micellar pseudophase with 
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increasing surfactant concentration. Thus the shape of rate-surfactant 
profiles is primarily a phase transfer phenomena, but the extent of the 
change depends on the size of the binding and the difference in rate 
constants for reaction in the micellar and aqueous pseudophases. 
Ks 
—>- Products -<-
k m Xm 
SCHEME 1.4 
Scheme 1.4 shows reaction between the substrate, S, and 
nucleophile, X (or any second reactant). The second reactant is generally 
in large excess over the substrate establishing pseudo-first-order 
conditions, so that : 
k'w=kw[Xw] (1.15) 
and 
k'm=kn,Mx^ (1.16) 
where kw and km are second-order rate constants for reaction in 
aqueous and micellar pseudophases, respectively, and the mole ratio 
c 
Mx "= [Xn,]/Dn. Substitution of equations (1.15) and (1.16) into equation 
(1.13) gives: 
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k,,= (1.17) 
l+Ks[Dn] 
kw[Xw] + k„,Ks [X„,] 
(1.18) 
l+Ks[D„] 
Equations (1.17) or (1.18), essentially identical but written in different 
ways, can be applied to bimolecular micelle-assisted reactions provided 
that the distribution of both reactants can be determined. 
In some cases the problem is relatively simple. For example the 
binding of organic, nucleophilic anions, e.g. aryloxides or 
areneimidazolide anions, can be estimated from the spectral shifts which 
occur when the ion is transferred from water to micelles.'"•'^'' Estimation 
of the extent of micellar binding becomes a non-problem if the organic ion 
is very hydrophobic, because then it is completely micellar bound under 
essentially all conditions.'^^ Perhaps for this reason, there are many 
examples of good fits between experimental rate constant-surfactant 
profiles and those calculated using equations (1.17), (1.18) or equivalent 
expressions. 
The final form of the kinetic equation (1.17) will depend upon the 
properties of the second reactant: whether it is a neutral molecule, a 
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hydrophilic or hydrophobic coion, a counterion to the micelle, or in 
complex systems, an anion of a weak organic acid XH. 
D. Statement of the Problem 
Interpretation of the mechanism of catalysis or inhibition of reaction 
rates by micelles has received considerable attention in view of analogies 
drawn between the micellar and enzyme catalyses. Micelles are considered 
as models for enzyme action because they are similar in shape and size, 
and more importantly, both have hydrophobic core and polar surfaces. 
Micelles affect rate of reactions due to several factors; by differential 
distribution of the substrates inside and outside the micelles and by 
perturbing the thermodynamic parameters of the reaction. " ' No 
doubt , a number of improvements have been introduced to increase 
stability of the so-called ninhydrin reaction^^'^^, the problem related with 
the kinetics and mechanism under various conditions remains poorly 
explored. Many investigators modified the ninhydrin reagent by impairing 
it with metal ions and reported different colored products. It is also known 
that enzyme and metal ions show marginal improvement for older 
fingerprints.'*'^ Thus, it follows that a study of the condensation reactions 
of the amino acid-metal complexes with ninhydrin in the presence of 
micelles may be a better model than studies in water from which to draw 
conclusions concerning the mechanism of the development of latent 
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fingerprints by ninhydrin. The present investigations were aimed at 
exploring the effect of micelles upon the reactions of metal-amino acid 
complexes with ninhydrin and to check whether micelles change the 
aqueous reaction mechanism. 
The work described in the thesis deals with systematic kinetic 
studies of the reactions of ninhydrin with [Cr(III)-hisJ^^ fNi(II)-hisJ^ 
[Cu(II)-his]^ [Cr(III)-trp]^% [Ni(II).trp]^ and [Cu(II)-trp]*. The 
subsequent portion of thesis will comprise of the following three chapters. 
Chapter II : Experimental 
Chapter III : Kinetics of reactions between metal-histidine complexes and 
ninhydrin 
hapter IV : Kinetics of reactions between metal-tryptophan complexes 
and ninhydrin 
CHAPTER 2 
EXPERIMENTAL 
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Materials 
The chemicals used throughout the study are listed in Table 2.1. All 
the surfactants (CTAB, SDS and TX-lOO) were used as received. However, 
their purities were ascertained by the absence of minima in surface tension 
vs. log[surfactant] plots. Rest of the chemicals mentioned in Table 2.1 
were used without further purification. 
Preparation of Solutions 
The water used to prepare the solutions was double-distilled over 
alkaline KMn04 in an all-glass (Pyrex) distillation set-up. The specific 
conductivity of this water was in the range (1-2) x 10"^  Q~' cm"'. 
(i) Acetate buffer (pH=5.0) solution 
The acetate buffer was prepared by mixing 30 cm^ of 0.20 mol dm"'' 
acetic acid and 70 cm^ of 0.20 mol dm"'' sodium acetate.'^^ 
(ii) Surfactant solutions 
Surfactant solutions were prepared by dissolving appropriate 
amount/volume of CTAB, SDS and TX-lOO in the buffer solution 
(pH = 5.0). 
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(iii) Ninhydrin solution 
Stock solution of ninhydrin was prepared in the buffer solution 
(pH = 5.0) and was stored in a dark bottle. 
(iv) Amino acid solutions 
Stock solutions of amino acids were always prepared in the buffer 
solution (pH = 5.0). 
pH-Measurements 
The pH measurements of the solutions were made with an ELICO 
pH-meter type LI-120 (ELICO, Hyderabad, India) fitted with an ELICO 
CH-41 glass and calomel combination electrode. The electrode was stored 
in pH 7 buffer and was washed in deionized double-distilled water before 
use; it was then rinsed with pH 7 buffer and the pH meter was standardized 
using pH 4 buffer solution. Whenever the solution was changed, the 
electrode was rinsed with double-distilled water and the surplus water 
removed and the pH-meter was restandardized using the pH 4 buffer 
solution. All pH measurements were made at least in triplicate and they 
agreed within ± 0.02. 
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Spectra of the Reaction Product 
As has already been mentioned that unlike the ninhydrin-amino acid 
reaction (where the product was always purple colored DYDA), the color 
of the final product in presence of a metal ion depends upon the order of 
mixing of the metal ion. A flow chart of the ninhydrin reaction in the 
presence as well as absence of metal ions (Cr(III), Ni(II) and Cu(II)) is 
given in Scheme 2.1. 
In the first case, the reddish-green/red color is produced due to 
formation of metal-DYDA complex while in the second case the actual 
reaction is in between metal-amino acid complex and ninhydrin. Also, no 
decarboxylation takes place when metal is added prior to ninhydrin.'°^''°'^ 
The presence of metal ions in the latter case modifies the reaction path. 
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Amino Acid + Ninhydrin 
2-Aminoindanedione + C02t+ RCHO 
Amino Acid + Metal 
+ Ninhydrin 
DYDA 
(^ max = 410 and 575nm) 
+Cu(II) 
red-colored 
product 
(^niax = 5 1 0 n m ) 
(very slow) 
A 
+Ni(II) 
red-colored 
product 
(kmax = 390 and 550 nm) 
+ Cr(III) 
A + Ninhydrin 
yellow-colored product 
Metal ion X^n^^inm) 
Cu(II) 
Ni(II) 
Cr(III) 
His Trp 
425 370 
375 380 
360 390 
reddish-green-colored product 
(^ max = 400 and 560 nm) 
(Amino Acid = Histidine or Tryptophan, 
R = amino acid side-chain) 
SCHEME 2.1 
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The complexes formed by the interaction of metal-coordinated 
amino acids with ninhydrin used in the present investigations are yellow in 
color. While instantaneous complexation occurs with Cu(II) and Ni(II), 
Cr(III) is slow in its complexation with amino acids.'" Therefore, the 
chromium(III)-amino acid complexes were prepared as follows. Solutions 
of the reactants (1:1 molar) were taken in a graduated standard flask, 
boiled for 2 min, and heated in a controlled manner at 90 °C for 1 hr. After 
completion of the reaction, the flask was brought to room temperature and 
loss in volume, if any, was maintained by the buffer (pH = 5.0). As a 
result, a violet colored complex was formed, which was then stored in 
dark. This Cr(III)-amino acid complex was used for further kinetic 
experiments. 
In order to select suitable wavelengths for kinetic measurements, 
spectra of the solutions of products in the buffer solution (pH=5.0) were 
taken in the absence and presence of micelles (CTAB, SDS, or TX-lOO). 
The reactants for final concentrations of the metal-amino acid complex 
(= 2.0 X 10'"'* mol dm~ )^ and ninhydrin (= 6.0 x 10"^  mol dm"^) were 
prepared in standard volumetric flasks and then transferred to a three-
necked reaction vessel having provisions for NaCgas) inlet/outlet and also 
equipped with double - surface water condenser. The vessel was immersed 
in a thermostat maintained at the required temperature and the reaction was 
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allowed to take place under N2(gas) atmosphere for 2 hr. The mixture was 
then cooled to room temperature, transferred to volumetric flask, and 
buffer was added to compensate any loss in the volume. Absorption spectra 
of these mixtures were then recorded by Bausch & Lomb Spectronic-20 
spectrophotometer. Similar steps were repeated in presence of different 
surfactant micelles. Relevant spectra are shown in Figs. 2.1 - 2.6. 
As no change in the position of wavelength of maximum absorption 
(^ max) was observed in the absence and presence of CTAB micelles (Figs. 
2.1 - 2.6), it is inferred that the same reaction product (yellow in color) is 
formed both in the aqueous as well as in CTAB solutions. 
Instead of yellow, a purple-colored product was obtained on the 
reaction of ninhydrin and metal-amino acid complexes (except Ni(II)-
histidine and Cr(III)-histidine complexes where the products were yellow) 
in the presence of SDS micelles (Figs. 2.1 - 2.6). 
Although the condensation product of each metal-amino acid 
complex with ninhydrin was yellow in color in presence of TX-lOO, but, as 
the reaction temperature was higher than the cloud point ( = 66 °C)'^^ of 
TX-lOO, turbidity appeared due to the clouding phenomenon. The turbidity 
disappeared after bringing the reaction mixtures to room temperature and 
produced a homogeneous single phase. After that the spectra were recorded 
which are shown in Figs. 2.1 - 2.6. 
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2+ Fig. 2.1 : Absorption spectra of the reaction product of [Cr(III)-histidine] 
and ninhydrin in absence and presence of surfactant micelles at 
pH 5.0: (a) immediately after mixing the reactants, [Cr(III)-
his^ ]^T = 2.0 X lO"'* mol dm~^ [ninhydrinji = 6.0 x 10"^  mol dm~^ 
(b) after heating solution(a) at 80 °C for 2h; 
,-3 
(C) same 
-3. 
as 
solution(a) in presence of [CTAB]T = 20 X IO""' mol dm"''; (d) 
after heating solution(c) at 80 °C for 2h; (e) same as solution(a) 
in presence of [SDSJj = 20 x 10'^ mol dm"'' after heating at 
80 °C for 2h; (f) same as solution(a) in presence of [TX-100]T = 
20 x 10'^ mol dm'^ after heating at 80 °C for 2h. 
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350 AOO A50 500 550 
Wave length/ nm 
600 
Fig. 2.2: Absorption spectra of the reaction product of [Ni(II)-histidine]^ 
and ninhydrin in absence and presence of surfactant micelles at 
pH 5.0: (a) immediately after mixing the reactants, [Ni(II)-his'^]x 
= 2.0 X 10"" mol dm~^ [ninhydrinjr = 6.0 x 10~^  mol dm'^ (b) 
after heating solution(a) at 95 °C for 2h; (c) same as solution(a) 
in presence of [CTABJT = 25 X 10"-^  mol dm""^ ; (d) after heating 
solution(c) at 95 °C for 2h; (e) same as solution(a) in presence of 
[SDS]T = 25 X 10"^  mol dm"^  after heating at 95 °C for 2h; (f) 
same as solution(a) in presence of [TX-100]T = 25 X 10"^  mol 
dm"^ after heating at 95 °C for 2h. 
66 
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Wove length/nm 
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Fig. 2.3: Absorption spectra of the reaction product of [Cu(II)-histidine]"^ 
and ninhydrin in absence and presence of surfactant micelles at 
pH 5.0: (a) immediately after mixing the reactants, [Cu(II)-his"*"]T 
= 2.0 X lO"'' mol dm' \ [ninhydrin]T = 6.0 x 10"^  mol dm"^; (b) 
after heating solution(a) at 95 °C for 2h; (c) same as solution(a) 
in presence of [CTAB]T = 25 X 10"^  mol dm""'; (d) after heating 
solution(c) at 95 °C for 2h; (e) same as solution(a) in presence of 
[SDSJT = 25 x 10"^  mol dm'^ after heating at 95 °C for 2h; (f) 
same as solution(a) in presence of [TX-100]T = 25 X 10"^  mol 
dm"'' after heating at 95 °C for 2h; (g) and (h) recorded after 
boiling solutions(e) and (f)-
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Fig. 2.4: Absorption spectra of the reaction product of [Cr(III)-
tryptophan]^"^ and ninhydrin in absence and presence of surfactant 
micelles at pH 5.0: (a) immediately after mixing the reactants, 
[Cr(III)-trp^^]T = 2.0 x 10"^  mol dm' \ [ninhydrinh = 6.0 x 10"^  
mol dm~ ;^ (b) same as solution solution(a) in presence of 
[CTAB]T = 15 x 10"^  mol dm""^ ; (c) after heating solution(a) at 
95 °C for 2h; (d) after heating solution(b) at 90 °C for 2h; (e) 
same as solution(a) in presence of [SDS]T = 15 X 10~^ mol dm~^  
after heating at 90 °C for 2h; (f) same as solution(a) in presence 
of [TX-100]T = 15x10"^ mol dm"^ after heating at 90 °C for 2h. 
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Fig. 2.5: Absorption spectra of the reaction product of [Ni(II)-tryptophan]"*" 
and ninhydrin in absence and presence of surfactant micelles at 
pH 5.0: (a) immediately after mixing the reactants, [Ni(II)-trp"^] j 
= 2.0 X 10"" mol dm"^ [ninhydrinji = 6.0 x 10'^ mol dm~^ (b) 
same as solution(a) in presence of [CTAB]T = 25 X 10"^  mol 
dm"^ (c) after heating solution(a) at 90 °C for 2h; (d) after 
heating solution(b) at 90 °C for 2h; (e) same as solution(a) in 
presence of [SDS]T = 25 X 10'^ mol dm"^  after heating at 90 °C 
for 2h; (0 same as solution(a) in presence of [TX-100]r = 25 x 
10'^ mol dm' after heating at 90 °C for 2h. 
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350 AOO A50 500 
Wave length/nm 
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Fig. 2.6: Absorption spectra of the reaction product of [Cu(II)-tryptophan]"^ 
and ninhydrin in absence and presence of surfactant micelles at 
pH 5.0: (a) immediately after mixing the reactants, [Cu(II)-trp'^ ]T 
= 2.0 X 10""* mol dm"\ [ninhydrin]T = 6.0 x 10"^  mol dm"^; (b) 
same as solution(a) in presence of [CTABjj = 15 x lO""' mol 
dm'^ (c) after heating solution(a) at 90 °C for 2h; (d) after 
heating solution(b) at 90 °C for 2h; (e) same as solution(a) in 
presence of [SDS]T = 1 5 X 1 0 " ^ mol dm"^  after heating at 90 °C 
for 2h; (0 same as solution(a) in presence of [TX-100]T = 15 X 
10~^  mol dm"^ after heating at 90 °C for 2h. 
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We can see that in each case the intensity of the color in the 
presence of CTAB micelles is the highest in comparison to others; this 
indicates that the reactions are strongly catalyzed by CTAB micelles. 
Determination of the Composition of the Products by Job's Method of 
Continuous Variations 
To find out the stoichiometry of the reaction products, Job's 
method'^^ of continuous variations was employed in absence and presence 
of micelles. Nine test-tubes (calibrated) having 1,2,3, ,9 cm'' of metal-
amino acid complex solutions were arranged and ninhydrin solution of the 
same molarity was added to the respective test tubes to make the volume 
10 cm^. These mixtures were kept in thermostated oil bath at 95 °C for 2 hr 
and then cooled to room temperature. Buffer solution was added to 
compensate any loss in the volume. After that their absorbances were 
recorded at appropriate selected wavelengths of maximum absorption. 
Absorbances of corresponding concentrations of the metal-amino acid 
complex and ninhydrin solutions were also recorded. The difference in 
absorbance, AA, where AA = [Absorbance of the product - (Absorbance of 
metal-amino acid complex + Absorbance of ninhydrin)], was obtained for 
all the sets, which were then plotted against the mole fraction of ninhydrin. 
Similar steps were repeated in presence of CTAB micelles. Representative 
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plots are shown in Figs. 2.7 - 2.12 and a summary of the results is 
presented in Table 2.2. 
The results indicate that the reaction products (yellow colored) are 
the same in both aqueous and micellar media. 
TABLE 2.2 
Summary of the results of Job's method. 
Complex Composition 
Aqueous CTAB Lit. data (aqueous) 
i2+ [Cr(III)-his]'-ninhydrin 
[Ni(II)-his]'^-ninhydrin 
[Cu(II)-his]"^ -ninhydrin 
[Cr(III)-trp]^^-ninhydrin 
[Ni(II)-trp]'^-ninhydrin 
[Cu(II)-trp]'^-ninhydrin 
1:1' 
1:1' 
'ref. 122. 
r^ef. 124. 
Kinetic Measurements 
In each set of kinetic experiments, the metal-amino acid complex 
was prepared in situ (except Cr(III)-amino acid which was prepared as 
described earlier) by taking required volumes of the two reactants (1:1) in 
72 
0.0 0.2 O.A 0.6 0.8 
Mole^ract ion of ninhydrin 
Fig. 2.7: Plot of AA360 vs. mole fraction of ninhydrin for determination of 
composition of the product formed by the interaction of [Cr(III)-
i2+ histidine] complex with ninhydrin: (a) in absence of CTAB, and 
(b) in presence of [CTABJT = 20 X 10"^  mol dm 
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M o l e f r a c t i o n of n inhydr in 
Fig. 2.8: Plot of AA375 v.y. mole fraction of ninhydrin for determinalion of 
composition of the product formed by the interaction of [Ni(II)-
histidine]"^ complex with ninhydrin: (a) in absence of CTAB, and 
(b) in presence of [CTABJy = 25 x 10 mol dm 
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Fig. 2.9: Plot of AA425 vs. mole fraction of ninhydrin for determination of 
composition of the product formed by the interaction of [Cu(II)-
histidine]^ complex with ninhydrin: (a) in absence of CTAB, and 
(b) in presence of [CTAB]T = 25 X 10"^  mol dm~l 
75 
0.0 0.2 O.A 0.6 0.8 
Molefroction of ninhydrin 
Fig. 2.10: Plot of AA390 vs. mole fraction of ninhydrin for determination of 
composition of the product formed by the interaction of [Cr(III)-
tryptophan]^"^ complex with ninhydrin: (a) in absence of CTAB, 
and (b) in presence of [CTAB]T = 1 5 X 1 0 " ^ mol dm"''. 
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0.0 0.2 OA 0.6 0.8 
Mole fraction of ninhydrin 
Fig. 2.11: Plot of AA380 vs. mole fraction of ninhydrin for determination of 
composition of the product formed by the interaction of [Ni(II)-
tryptophan]"^ complex with ninhydrin: (a) in absence of CTAB, 
and (b) in presence of [CTAB]T = 25 X 10"^  mol dm"^ 
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Fig. 2.12: Plot of AA370 vs. mole fraction of ninhydrin for determination of 
composition of the product formed by the interaction of [Cu(II)-
tryptophan]"^ complex with ninhydrin: (a) in absence of CTAB, 
and (b) in presence of [CTAB]T = 15 X 10~^ mol dm'^ 
r 
,r-^^ 5 ^ ^ : . 
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a three-necked reaction vessel equipped with a double-surface water 
condenser to prevent evaporation. The reaction vessel was then immersed 
in a thermostated oil bath at the desired temperature within ± 0.1 °C. The 
resulting solution was left to stand for 30 min to complete the 
complexation and equilibration. The reaction was then started by adding 
the requisite volumes of thermally equilibrated surfactant and ninhydrin 
solutions. The zero time was recorded when half of the ninhydrin solution 
has been added. Purified N2-gas (free from O2 and CO2) was bubbled 
through the reaction mixture for stirring as well as to maintain an inert 
atmosphere. The progress of the reaction was followed 
spectrophotometrically by pipetting out aliquots at regular time intervals 
and measuring the absorbance of reaction product at the selected 
wavelength (X^ax, see Scheme 2.1). During the kinetic runs, pseudo-first-
order conditions were maintained by keeping the [ninhydrin]! in excess. 
The pseudo-first-order rate constants were calculated up to completion of 
80% of the reaction by a least-squares regression analysis of the data (log 
(Aoo - At)/(Ao - At) v.y. time(t)) using computer-based program. The 
values of absorbance at infinite time (A^) for each metal-amino acid 
complex- ninhydrin system were obtained in the following manner. At the 
end of each kinetic run, 10 cm^ of the solution mixture (after taking into a 
standard volumetric flask) was heated at 95 °C for 2 hr. It was then cooled 
to room temperature and, after adding buffer solution to compensate any 
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volume loss, absorbance was recorded. The rate constants obtained from 
multiple determinations agreed within ± 4%. 
The dependence of p^ew^o-first-order rate constants was obtained as 
a function of [reactant], [surfactant], [salt], pH, and temperature and the 
results are given in Chapters 3 and 4. 
Determination of cmc by Conductivity Measurements 
It is well known that the electric conductivity of ionic surfactant 
solutions changes with concentration at different rates below and above the 
cmc. Surfactant molecules are completely dissociated at low 
concentrations, and their conductivities increase linearly with an increase 
in concentration up to the cmc. Although the conductivity continues to 
increase as the concentration increases even beyond the cmc, the rate of 
increase in conductivity is low compared with that below the cmc, because 
some of the counterions are bound to the micelle, thereby causing a 
reduction in the effective charge of the micelle. Thus, a plot of 
conductivity against concentration below and above the cmc furnishes two 
straight lines which intersect at the cmc. 
The conductivity measurements of the CTAB solutions were made at 
the desired temperature by a conductivity bridge (type CM 82 T, ELICO, 
Hyderabad, India) using platinized electrodes (cell constant = 1.02). After 
80 
measuring conductivity of the solvent (taken in a glass container which 
was immersed in a constant temperature bath), small volumes of the CTAB 
solution were added and the conductivity was noted after each addition and 
ensuring complete mixing. The specific conductivity (K, Q~' cm"') was 
calculated by applying solvent corrections. The critical micelle 
concentration (cmc) values of the CTAB in presence and absence of 
reactants were obtained from conductivity vs. concentration plots. 
Experiments were carried out under different conditions, i.e., solvent being 
water, water -f ninhydrin, water + amino acid, water + metal-amino acid 
complex, and water + metal-amino acid complex + ninhydrin. The values 
of cmc are given in Table 2.3. 
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TABLE 2.3 
Critical micelle concentration (cmc) values of CTAB in absence and 
presence of 2.0 x 10"'* mol dm"^  amino acid, 2.0 x lO"'* mol dm"^  
metal-amino acid complex, 6.0 x 10"^  mol dm~^  ninhydrin and at 30, 70 and 
80 °C. 
Solution 
Water 
Ninhydrin 
Histidine 
Tryptophan 
[Cr(III)-h:s]^^ 
[Ni(II)-his]^ 
[Cu(II)-his]^ 
[Cr(III)-trp]^^ 
[Ni(II)-trp]" 
[Cu(II)-trp]" 
[Cr(III)-his]^^ 
[Ni(II)-his]^ + 
[Cu(II)-his]^ + 
[Cr(III)-trp]^^ 
[Ni(II)-trp]^ + 
[Cu(II)-trp]^ + 
+ ninhydrin 
ninhydrin 
ninhydrin 
+ ninhydrin 
ninhydrin 
ninhydrin 
30 °C 
8.4 
8.4 
8.5 
8.3 
8.2 
8.0 
8.3 
8.4 
8.6 
7.7 
8.6 
8.5 
9.2 
8.4 
8.8 
8.3 
10'* cmc (mol 
70 °C 
-
-
-
-
— 
11.2 
11.4 
-
10.4 
— 
-
10.4 
10.6 
-
10.6 
-
dm"^) 
80 °C 
11.7 
11.4 
11.5 
11.6 
11.4 
-
-
10.5 
-
10.6 
10.5 
-
-
10.7 
-
11.3 
CHAPTER 3 
KINETICS OF REACTIONS BETWEEN 
METAL-HISTIDINE COMPLEXES 
AND NINHYDRIN 
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A. RESULTS 
The spectra of products formed by the reaction between metal-
histidine complexes and ninhydrin in aqueous as well as in aqueous 
micellar media are shown in Figs. 2.1 - 2.3. We see that the absorbance 
increases with CTAB micelles with no shift in X^ax, i-^--> the wavelength of 
maximum absorbance(X,max) remains the same in both aqueous and micellar 
media. This indicates the products of metal-histidine reactions with 
ninhydrin to be the same as in aqueous solutions. 
In order to elucidate the mechanism of the reactions of ninhydrin 
with Cr(III)-, Ni(II)-, and Cu(II)-histidine complexes, systematic kinetic 
studies were performed by following appearance of the respective colored 
condensation products at different [surfactant], [reactant], [salt] and 
temperature. The results are described in the following pages. 
Dependence of the Reaction Rate on Surfactant Concentration 
The dependence of the pseudo-first-order rate constants on 
surfactant concentration was determined by carrying out a series of kinetic 
runs at different [surfactant]! with fixed [ninhydrin]! (6.0 x 10"^  mol dm"'^ ) 
and [metal-histidine]T (2.0 x 10""* mol dm"^) at constant temperature and 
pH (5.0). The observed pseudo-first-order rate constants (kv ,^s~') typically 
increase with increasing CTAB concentration, reach a maximum value, and 
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then, with further increase in CTAB concentration, a decreasing effect is 
observed. The results are summarized in Tables 3.1 - 3.3 and are shown 
graphically in Figs. 3.1 - 3.3. The profile shapes are perfectly general 
being a common characteristic of reactions catalyzed by micelles.^ '^'*'* 
Dependence of the Reaction Rate on Metal-Histidine Complex 
Concentration 
To find out the order of the reaction with respect to metal-histidine 
complex concentration, the rate constants were determined at different 
initial concentrations of metal-histidine complexes ranging from 1.0 x 10"'* 
to 3.0 X 10"'* mol dm~ .^ The concentrations of ninhydrin and CTAB, pH 
and temperature were kept constant. The k,,, values obtained at different 
concentrations are recorded in Tables 3.4 - 3.6. It is seen that the values of 
k,^  are independent of the initial metal-histidine complex concentrations, 
thus indicating that the order of the reaction with respect to metal-histidine 
complex concentration is unity; the rate law would then be 
rate = d [Product] / dt = k»^ [A]T (3.1) 
where [A]T is the total concentration of the metal-histidine complex. 
Similar results were obtained in aqueous medium.'^^''^'* 
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TABLE 3.1 
Effect of [CTAB]T and [SDS]T on/?jeM^o-first-order rate constants (k»^ ) for 
the reaction of [Cr(III)-his]^'^ with ninhydrin. 
Reaction conditions: 
[Cr(III)-his^+]T 
[ninhydrin]T 
pH 
Temperature 
1 0 ^ [ C T A B ] T 
(mol dm~^) 
0 
5 
10 
15 
20 
25 
30 
40 
50 
70 
100 
= 
= 
= 
2.0 X 
6.0 X 
5.0 
80 °C 
10^[SDS]T 
(mol dm'"') 
5 
10 
15 
20 
30 
40 
60 
lO-^moldm"^ 
10"^  mol dm"^  
10'k,, 
2.8 
3.5 
5.4 
6.3 
8.1 
7.4 
7.6 
6.9 
6.8 
5.1 
3.7 
3.1 
3.0 
3.1 
2.8 
3.0 
3.0 
3.0 
10 k |^,cal 
2.8 
3.7 
5.8 
7.3 
7.3 
7.0 
7.8 
7.1 
6.4 
3.9 
3.9 
J^ vj/ »^ycal 
* ' ( ) ; 
0 
-0.06 
-0.07 
-0.16 
+0.10 
+0.05 
-0.03 
-0.03 
+0.06 
+0.24 
-0.05 
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TABLE 3.2 
Effect of [CTAB]T and [SDS]T on pseudo-fivst-ordQT rate constants(k^) for 
the reaction of [Ni(II)-his]+ with ninhydrin. 
Reaction conditions: 
[Ni(II)-his+]T 
[ninhydrinji 
pH 
Temperature 
1 0 ^ [ C T A B ] T 
(mol dm~^) 
0 
5 
10 
15 
20 
25 
30 
35 
40 
50 
60 
70 
80 
100 
10^ 
(mc 
5 
10 
15 
20 
25 
30 
40 
50 
= 
= 
= 
2.C 
6.C 
5.C 
70 
[ S D S ] T 
)l dm' 
• ' ) 
1 X lO"'* 
) X 10"^  
) 
°C 
10 'k , 
(s-') 
1.7 
2.8 
3.5 
3.8 
4.1 
4.8 
5.1 
4.8 
5.8 
5.7 
5.6 
6.0 
5.8 
5.3 
1.6 
1.7 
1.7 
1.6 
1.8 
1.7 
1.7 
1.8 
mol dm-^  
moi dm~^  
f 1 0 Kvj;cal 
(s-') 
1.7 
2.4 
3.8 
5.1 
5.1 
4.7 
5.7 
5.6 
5.4 
5.2 
4.0 
6.2 
4.5 
4.6 
'^\\i "^vi/cal 
K-Vj) 
0 
+0.14 
-0.09 
-0.34 
-0.24 
+0.02 
-0.12 
-0.17 
+0.07 
+0.09 
+0.29 
-0.03 
+0.22 
+0.13 
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TABLE 3.3 
Effect of [CTAB]T on p^ewJo-first-order rate constants (k^ )^ for the 
reaction of [Cu(II)-his]'^ with ninhydrin. 
Reaction conditions: 
[Cu(II)-his+]T " 2.0x 10~''moldm-^ 
[ninhydrin]T = 6.0 x 10"^  mol dm"^  
pH = 5.0 
Temperature = 70 °C 
1 0 ^ [ C T A B ] T lO^k, , lO'k^cal k , ; - k ^ e a l 
(mol dm ^ ) 
0 
2 
4 
5 
10 
15 
20 
25 
30 
40 
50 
70 
100 
(s-') 
2.5 
3.6 
4.3 
4.6 
5.2 
5.0 
6.0 
6.5 
6.1 
6.0 
5.9 
5.3 
5.1 
(s-') 
2.5 
3.5 
5.0 
4.7 
5.1 
4.7 
6.1 
6.6 
6.2 
7.1 
5.2 
5.3 
4.7 
•^\^i 
0 
+0.03 
-0.16 
-0.02 
+0.02 
+0.06 
-0.02 
-0.02 
-0.02 
-0.18 
+0.12 
0 
+0.08 
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Fig. 3.1: Effect of [surfactant] on the reaction rate of [Cr(III)-histidine]^^ 
complex with ninhydrin (CTAB-a, SDS-b). Reaction conditions: 
[ninhydrinlr = 6.0 x 10"^  mol dm"^ [Cr(III)-his^^]T = 2.0 x 10 ' 
mol dm~^ pH = 5.0, temp. = 80 °C. 
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Fig. 3.2: Effect of [surfactant] on the reaction rate of [Ni(II)-histidine]"*' 
complex with ninhydrin (CTAB-a, SDS-b). Reaction conditions: 
[ninhydrinjx = 6.0 x 10"^  mol dm"^ [Ni(II)-his^]T = 2.0 x 10"'* 
mol dm"\ pH = 5.0, temp. = 70 °C. 
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AO 60 80 
10^CCTABD/moldm-3 
100 
Fig. 3.3: Effect of [CTAB] on the reaction rate of [Cu(II)-histidine]* 
complex with ninhydrin. Reaction conditions: [ninhydrin]T = 6.0 
X 10'^ mol dm~^ [Cu(II)-his*]T = 2.0 x lO"'* mo! dm~\ pH = 5.0, 
temp. = 70 °C. 
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TABLE 3.4 
Effect of [Cr(III)-his^'^]T and [ninhydrinji on pseudo-first-order rate 
constants (ky,,) for the reaction of [Cr(III)-his]^'*' with ninhydrin. 
Reaction conditions: 
[CTAB]T 
pH 
Temperature 
10''[Cr(III)-his^+]T 
(mol dm~^) 
1.0 
1.5 
2.0 
2.5 
3.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
= 2.0 
= 5.0 
= 80' 
X 10"^ 
'C 
10^ 1 
• mol dm~^ 
[ninhydrin]T 
(mol dm"^) 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
1.0 
1.5 
2.0 
2.5 
3.0 
3.5 
4.0 
5.0 
10^ k^ 
(s-') 
7.9 
8.1 
8.1 
8.1 
8.1 
8.1 
16.9 
28.9 
37.8 
47.9 
52.7 
53.4 
54.2 
54.4 
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TABLE 3.5 
Effect of [Ni(II)-his+]T and [ninhydrin]T on p^ewJo-first-order rate 
constants (kvj,) for the reaction of [Ni(II)-hisl"'' with ninhydrin. 
Reaction conditions: 
[CTAB]T 
pH 
Temperature 
10^[Ni(II)-his+]T 
(mol dm"^) 
1.0 
1.5 
2.0 
2.5 
3.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
= 2.5 
= 5.0 
= 70" 
X 10"^  
'C 
10^ 1 
(mol 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
1.0 
1.5 
2.0 
2.5 
3.0 
3.5 
4.0 
4.5 
5.0 
• mol dm ^  
[ninhydrinjx 
I dm"^) 
10'k^ 
(s-') 
4.6 
4.6 
4.8 
4.0 
4.7 
4.8 
10.7 
14.7 
19.3 
26.0 
30.4 
34.0 
36.3 
37.8 
38.1 
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TABLE 3.6 
Effect of [Cu(II)-his"'"]T and [ninhydrin]T on pseudo-first-order rate 
constants (k»^ ) for the reaction of [Cu(II)-his]''" with ninhydrin. 
Reaction conditions: 
[CTAB]T 
pH 
Temperature 
10^[Cu(II)-his+]T 
(mol dm"^) 
1.0 
1.5 
2.0 
2.5 
3.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
= 2.5 
= 5.0 
= 70' 
X 10"' 
'C 
10^ 
(mol 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
1.0 
1.5 
2.0 
2.5 
3.0 
3.5 
4.0 
5.0 
6.0 
^ mol dm ^  
[ninhydrinJT 
I dm"^) 
10'k^ 
(s-') 
6.6 
6.6 
6.5 
6.6 
6.7 
6.5 
9.7 
14.3 
21.2 
26.8 
35.4 
41.9 
44.8 
45.2 
45.9 
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Dependence of the Reaction Rate on Ninhydrin Concentration 
Dependence of the rate constants on ninhydrin concentration were 
determined by carrying out the kinetic experiments with different 
[ninhydrin]! keeping the [metal-histidine]T, [CTAB]T and pH constant at a 
fixed temperature. The observed k,,; values are summarized in Tables 3.4 -
3.6, which are also shown graphically in Figs. 3.4 - 3.6. 
We see that the plots of kv,, vs. [ninhydrinjx (Figs. 3.4 - 3.6) are 
curves passing through the origin that indicate the order to be fractional 
with respect to [ninhydrinjT in each case. This is in agreement with 
aqueous medium results.'^^''^'* 
Dependence of the Reaction Rate on Temperature 
A series of kinetic runs were carried out at different temperatures 
with fixed [ninhydrin]! (6.0 x 10"^  mol dm"'' ) and [metal-histidine]T (2.0 x 
lO"'' mol dm~^) in the presence of constant [CTAB]T. The values of k^ ,; are 
given in Tables 3.7 - 3.9. The data obtained were found to fit the 
Arrhenius and Eyring equations 
r-Ea "^  
A exp 
V. RT ^ 
(3.2a) 
K|)< 
^ ke T ^ r ^^*~\ 
exp 
^ h J 
r - A H * ' ^ 
exp 
V. R .y VRT ^ 
(3.2b) 
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Fig. 3.4: Effect of [ninhydrin] on the reaction rate of [Cr(III)-histidine]^'^ 
complex with ninhydrin. Reaction conditions: [CTABJT = 2.0 x 
10"^  mol dm"\ [Cr(III)-his^^]T = 2.0 x lO"'' mol dm~^ pH = 
5.0, temp. = 80 °C. 
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lO^CNinhydrin] /moldm-3 
Fig. 3.5: Effect of [ninhydrin] on the reaction rate of [Ni(II)-
histidine]"*^ complex with ninhydrin. Reaction conditions: 
[CTAB]T = 2.5 X 10"^ mol dm-^ [Ni(II)-his^]T = 2.0 x 10"'' mol 
dm' \ pH = 5.0, temp. = 70 °C. 
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Fig. 3.6: Effect of [ninhydrin] on the reaction rate of [Cu(II)-histidine]"^ 
complex with ninhydrin. Reaction conditions: [ C T A B ] T = 2.5 x 
10"- mol dm"\ [Cu(II)-his^]T = 2.0 x 10"* mol drn'^ pH = 5.0, 
temp. = 70 °C. 
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TABLE 3.7 
Effect of temperature on pseudo-first-order rate constants (k^ )^ for the 
reaction of [Cr(III)-his]^'^ with ninhydrin. 
Reaction conditions: 
[Cr(III)-his^+]T = 2.0 x lO"'* mol dm'^ 
[ninhydrinjx = 6.0 x 10"^  mol dm ^  
[CTAB]T = 2.0x 10"^moldm'^ 
pH = 5.0 
Temperature ^^ ^"v 10 l^M-cai 
(°C) (s-^ (s-') 
3.4 
5.2 
7.6 
9.9 
13.8 
70 
75 
80 
85 
90 
Parameters 
Ea(kJmor ' ) 
AH*(kJmor') 
-AS** (JK-'mol"') 
3.1 
5.6 
8.1 
9.4 
13.7 
54 (84)^ 
51 (81) 
120 (88) 
^calculated from eq. (3.2b). 
''parentheses values are for the aqueous system; ref. 122. 
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TABLE 3.8 
Effect of temperature on pseudo-first-ovdQY rate constants (k^ |,) for the 
reaction of [Ni(II)-his]"'" with ninhydrin. 
Reaction conditions: 
[Ni(II)-his+]T " 2.0 X 10''' mol dm"^  
[ninhydrinJT = 6.0 x lO''' mol dm"^  
[CTABJT = 2.5x lO'^moldm"^ 
pH = 5.0 
10^ k,., 10^ k Temperature ^ 
( °C) (s-^) ( s - ^ 
2.9 
4.3 
6.2 
9.0 
12.7 
60 
65 
70 
75 
80 
Parameters 
EaCkJmor') 
AH^CkJmol"') 
- A S " (JK- 'mor ' ) 
3.6 
4.2 
4.8 
9.8 
14.7 
65 (59)'' 
62 (56) 
86 (75) 
v|/cal 
^calculated from eq. (3.2b) 
''parentheses values are for the aqueous system; see M.Z.A. Rafiquee, 
Ph.D. Thesis, A.M.U., Aligarh, 1993. 
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TABLE 3.9 
Effect of temperature on pseudo-first-order rate constants (kv,;) for the 
reaction of [Cu(II)-his]''" with ninhydrin. 
Reaction conditions: 
[Cu(II)-his+]T = 2.0 X 10-" mol dm"^  
[ninhydrin]T = 6.0 x lO"-'mol dm"'' 
[CTAB]T = 2.5x lO'^moldm"^ 
pH = 5.0 
Temperature 
(°C) 
60 
65 
70 
75 
80 
Parameters 
Ea(kJmor ' ) 
AH^CkJmor') 
-AS* (JK-'mol"') 
10'k^ 
(s-') 
3.2 
5.1 
6.5 
8.8 
11.4 
57 (69)'' 
55 (67) 
H I (60) 
10 kv,;cal 
(s-') 
3.2 
4.9 
6.6 
8.4 
11.3 
"calculated from eq. (3.2b). 
''parentheses values are for the aqueous system; ref. 124. 
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(The quantities in eq.(3.2) are the frequency factor A, the energy of 
activation Eg, the Boltzmann constant ke, the Planck constant h, and 
the gas constant R). 
The activation parameters, calculated using a nonlinear least-
squares method, are also recorded in Tables 3.7 - 3.9. 
Dependence of Reaction Rate on Salt Concentrations 
The effect of added salts on the rates were also explored because 
salts, as additives, in micellar systems acquire a special place due to 
their ability to induce structural changes which may, in turn, modify 
the substrate - CTAB interactions.''^ 
The salt effects on the micelle-catalyzed ninhydrin - metal-
coordinated histidine reactions were studied at fixed [ninhydrinjx, 
[CTAB]T , and temperature. The values of k^^ (Tables 3.10 - 3.12) are 
depicted graphically in Figs. 3.7 - 3.9. 
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TABLE 3.10 
Effect of inorganic salts on pseudo-first-ordtr rate constants (JCv,,) for the 
reaction of [Cr(III)-his]^"^ with ninhydrin. 
Reaction conditions: 
[Cr(III)-his^+]T = 2.0x 10"^moldm~^ 
[ninhydrin]T = 6.0 x 10"^  mol dm~^  
[CTAB]T = 2.0 X 10"^  mol dm"^  
pH = 5.0 
Temperature = 80 °C 
10 [ 
(mo 
0.0 
0.1 
0.5 
1.0 
2.0 
3.0 
4.0 
5.0 
salt] 
1 dm"^) NaCl 
8.1 
7.8 
8.1 
7.3 
7.4 
7.1 
7.1 
7.0 
NaBr 
8.1 
7.8 
6.7 
6.4 
4.4 
4.4 
4.6 
4.3 
10^ k^(s- ') 
NaNOa 
8.1 
7.6 
6.9 
4.5 
3.9 
3.9 
4.2 
4.1 
Na2S04 
8.1 
8.1 
7.1 
5.7 
5.9 
5.7 
6.2 
5.8 
103 
TABLE 3.11 
Effect of inorganic salts on pseudo-first-order rate constants (k,^ ) for the 
reaction of [Ni(II)-his]''" with ninhydrin. 
Reaction conditions: 
[Ni(II)-his+]T 
[ninhydrinjx 
[CTABJT 
pH 
Temperature 
= 2.0x lO'^moldm"^ 
= 6.0 X 10"^  mol dm"^  
= 2.5 X 10"^  mol dm"^  
= 5.0 
= 70 °C 
10 [ 
(mo 
0.0 
0.1 
0.5 
1.0 
2.0 
3.0 
4.0 
5.0 
salt] 
1 dm"^) NaCl 
4.8 
5.3 
5.0 
4.4 
3.3 
3.1 
3.0 
2.9 
NaBr 
4.8 
3.9 
3.4 
2.1 
1.1 
1.0 
0.9 
1.0 
10^ k.,(s-') 
NaNOa 
4.8 
4.0 
3.3 
2.4 
2.3 
2.2 
2.1 
2.0 
Na2S04 
4.8 
5.4 
5.1 
3.5 
2.6 
2.0 
1.7 
1.6 
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TABLE 3.12 
Effect of inorganic salts on pseudo-first-order rate constants (k,^ ) for the 
reaction of [Cu(II)-his]''' with ninhydrin. 
Reaction conditions: 
[Cu(II)-his+]T " 2.0 X 10"'* mol dm"^ 
[ninhydrinJT = 6.0 x 10~^  mol dm"'' 
[CTAB]T = 2.5 X 10-2 ^QJ ^J^-3 
pH = 5.0 
Temperature = 70 °C 
10 [salt] 
(mol dm"^) 
0.0 
0.1 
0.5 
1.0 
2.0 
3.0 
4.0 
5.0 
NaCl 
6.5 
5.9 
6.0 
5.9 
5.1 
5.1 
5.0 
4.8 
NaBr 
6.5 
7.1 
6.5 
5.3 
3.2 
3.0 
2.9 
2.5 
10^ kv,(s-') 
NaN03 
6.5 
5.8 
5.6 
5.1 
4.7 
4.5 
4.4 
4.3 
Na2S04 
6.5 
6.9 
6.2 
4.7 
4.1 
3.9 
3.9 
3.8 
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Fig. 3.7: Effect of NaCl (a), NaBr (b), NaNOj (c), and Na2S04 (d) on the 
reaction rate of [Cr(III)-histidine]^'^ complex with ninhydrin. 
Reaction conditions: [Cr(III)-his^'']T = 2.0 x lO"'* mol dm"\ 
[ninhydrinjx = 6.0 x 10"^  mol dm"^ [CTABJT = 2.0 x 10"^  mol 
dm"\pH = 5.0, temp. = 80 °C. 
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Fig. 3.8: Effect of NaCl (a), NaBr (b), NaNOs (c), and Na2S04 (d) on the 
reaction rate of [Ni(II)-histidine]'*' complex with ninhydrin. 
Reaction conditions'. [Ni(II)-his'^ ]T = 2.0 x 10"'* mol dm"'', 
-2 [ninhydrinjj = 6.0 x 10"' mol dm"', [CTAB]T = 2.5 x 10"^  mol 
dm"l pH = 5.0, temp. = 80 °C. 
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Fig. 3.9: Effect of NaCl (a), NaBr (b), NaNOj (c), and Na2S04 (d) on the 
reaction rate of [Cu(II)-histidine]"^ complex with ninhydrin. 
Reaction conditions: [Cu(II)-his"^]T = 2.0 x 10"'* mol dm"'^ , 
[ninhydrin]! = 6.0 x 10"^  mol dm"\ [CTABjj = 2.5 x 10"^  mol 
dm"\ pH = 5.0, temp. = 70 °C. 
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B. DISCUSSION 
(a) Reactions in Presence of CTAB Micelles 
In their studies on the kinetics of interaction of metal-histidine 
complexes with ninhydrin in conventional aqueous medium, Khan and 
covvorkers^^ '^^ '^' have found that the reactions proceed through formation of 
a ternary labile complex in which amino acid and ninhydrin are 
coordinated to the same metal ion. The reaction between amino nitrogen 
and carbonyl carbon proceeds through nucleophilic addition to give a 
Schiff base complex. In this case the lone-pair of electrons of amino 
nitrogen is bonded with metal and no longer behaves as a nucleophile. The 
formation of the product is due to the reaction between the coordinated 
group of amino acid and coordinated carbonyl group of ninhydrin through 
the condensation reaction. Such type of condensation reaction is 
also known as combination-of-the-ligands-attached-to-the-same-metal-ion 
(CLAM), The presence of a metal ion brings the reactive groups together 
and provides a better chance for their combination within its coordination 
sphere. Thus, the reaction proceeds through the kinetic template 
mechanism in which the coordination sphere of the metal ion or metal 
chelate compound induces the ligand molecule to orient in a manner that is 
suitable for the condensation and complex formation. On the basis of the 
above, a probable mechanism has been proposed (Scheme 3.1). 
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n+ 
H2O 
+ 
K 
n+ 
;NH2 
n+ 
(M = Cr, Ni or Cu ; n = 2 for Cr, n = 1 for Ni and Cu) 
SCHEME 3.1 
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Surfactant micelles provide an unusual medium which may affect the 
reaction rate in more than one way^^'": (i) a decrease in entropy of the 
reactants arising due to their binding on the micellar surface, i.e., by virtue 
of relatively higher concentration of reactants in micellar phase in 
comparison to bulk phase, (ii) a high degree of closeness attained by 
reactants in the micellar phase, and (iii) relative stabilization or 
destabilization of substrate arising due to electrostatic and hydrophobic 
interactions between substrate and micelles. 
Now, the kinetic results in CTAB solutions will be considered with 
the assumption that the mechanism of the reaction does not change in 
presence of the surfactant (same products as well as similar dependence of 
reaction rates on [metal-histidine] and [ninhydrin] were obtained both in 
the presence and absence of the surfactant'^^''^'*). Simply based on 
electrostatic considerations, ninhydrin (due to presence of an electron 
cloud on it^ )^ comes closer to the CTAB micellar surface that increases 
the local molarities in the Stern layer. The removal of water molecule 
from the inner solvation shell of metal ion by the coordinated histidine 
gives the complex some hydrophobic character (despite of bearing a 
positive charge). Due to the hydrophobic nature, the complex gets 
incorporated into the micelles. The micelles will thus help in bringing the 
ninhydrin and the complex close together which may now orient in a 
suitable manner for the condensation reaction (a possible arrangement -
I l l 
although highly schematic - could be as shown in Fig. 3.10). With 
progressive increase in [CTAB], the observed rate constant for condensation 
of ninhydrin into metal-histidine increased, reached maximum value, and 
then decreased. At surfactant concentrations corresponding to the maxima in 
k^ - [CTAB] profiles, practically all of the substrate has been incorporated 
into the micellar phase. As such, addition of more CTAB generates more 
cationic micelles which simply take up the ninhydrin molecule into the 
Stern - layer, and thereby deactivate them, because a ninhydrin molecule in 
one micelle should not react with the complex in another.'^ " Another reason 
of decrease in ky^, could perhaps be due to competition between the 
counterion and ninhydrin on the micellar surface. 
The reaction rate in the presence of CTAB micelles may be discussed 
in terms of pseudophase model of the micelles developed by Menger and 
Portnoy" and modified by Bunton^ '^"'* and Vera and Rodenas.'^° Under the 
experimental conditions of this study the reaction scheme in the presence of 
CTAB micelles may be given as shown in Scheme 3.2, 
Ks 
Aw + Dn ^ Am 
+ + 
K Nw + Dn ^^"1^ - N 
k' 
R. vv 
>> Products 
m 
k' 
m 
SCHEME 3.2 
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Fig. 3.10: Schematic model showing probable location of reactants for the 
cationic micellar catalyzed condensation reaction between metal-
histidine complex and ninhydrin. 
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The observed rate law. v = kv„ [A]T, and Scheme 3.2 lead to eq. (3.3) 
kV + k'„, Ks [Dn] 
k^= (3.3) 
1+ Ks [D;;] 
which can be modified as eq. (3.4) 
k,[N]T + (Ks k^ - k^) MN' [D„] 
k^= (3.4) 
1+ Ks [D„] 
where k^ = k'w / [Nw] and km = k'm MN^ (kw and km are second-order rate 
constants) and MN^ and [N]T are given as 
M N ' = [Nm] / [D„] (3.5) 
[N]T = [N,V]+ [Nm] (3.6) 
Values of MN^ were estimated by considering the equilibrium 
KN 
Nw + Dn ==^ Nm 
KN = (3.7) 
[N.] ( [D„] - [Nm] ) 
Upon solving eq. (3.7) and mass balance eq. (3.6), a quadratic 
eq. (3.8) results, which was solved for [Nm] with the help of a computer 
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program with KN as an adjustable parameter. MN^ was then calculated with 
the help of eq. (3.5). 
K N [ N J ' - (1+ KN [D„] + KN [N]T) [ N J + KN [D„] [N]T = 0 (3.8) 
In order to determine k^ and Ks kinetically we need the cmc under 
kinetic conditions and we determined it conductimetrically (see 
Experimental). For a given value of cmc, the km and Ks were calculated 
from eq. (3.4) using the non-linear least square technique. Such 
calculations were carried out at different presumed values of KN- The best 
value of KN was considered to be the one for which the value of Z di^ 
(where di = k^ohsi - k»,,cai() for /th [CTABJj turned out to be a minimum. 
These values are recorded in Table 3.13. The fitting of the calculated data 
(Ks, km and KN) to eq. (3.4) is evident from the calculated values of rate 
constants, k»j,cai, shown in Tables 3.1 - 3.3. 
An alternative data treatment was also carried out: eq. (3.3) can be 
written as^' 
1/ (k'w - k^) = 1/ (k'w - k'm) + 1/ ( k'w - k'm) Ks [D„] (3.9) 
which predicts that the plot of 1/ (k'^ - k,,,) against 1 / [Dn] should be 
linear. This treatment assumes that only one substrate is incorporated into 
the micelle phase.'^' It has been used successfully for a number of 
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TABLE 3.13 
Values of rate parameters (km, k2'", k^ and kw/k2'") and binding constants 
(Ks, KN) for the reaction of ninhydrin and metal-histidine complexes in 
micellar media. 
Reaction conditions: 
[metaI-his"^]T = 2.0 x 10"^  mol dm"^  
[ninhydrin] T = 6.0 X 10"^  mol dm"'' 
pH = 5.0 
Parameters and Metals 
constants 
10'km(s-') 
lO'* kj'^Cmor' dm^ 5-')'= 
10^ kw(mor' dm^ s"') 
kw/ki" 
Ks (mol"' dm^) 
KN (mor ' dm^) 
'temperature = 80°C. 
temperature = 70 °C. 
Cr(III)' 
4.5 
6.3 
4.7 
7.5 
28 
73 
NiCII)" 
3.2 
4.5 
2.8 
6.2 
6 
79 
CuCII)" 
2.5 
3.4 
4.2 
12.4 
6 
72 
c second-order rate constants (k2'") are based on eq. (3.10). 
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reactions because the data treatment with the non-linear eq. (3.4) is more 
difficult than that with the alternative linear eq. (3.9). 
Our kinetic data were fitted into eq. (3.9) but no linearity in the plot 
of (k'w - kv^ )~' vs [Dn]"' were observed, implying that this equation is 
inadequate for the present reactions. On statistical grounds, the reliability 
of (k'w - k,^ ) or (ky^ - k'w) seems to decrease as [Dn] -> 0. But (k'w - kv )^"' 
or (k»,, - k'w)"' -> 00 as [Dn] -> 0 ; thus the data treatment with eq. (3.9) 
suffers from the disadvantages of placing a high emphasis on the values 
of k'w and k»^  as [Dn] -> 0 and being very sensitive to errors when k,,, 
is nearly equal to k'w-
The non-linear least-squares calculated values of different activation 
parameters were substituted in eq. (3.2b) and the values of rate constants 
were recalculated (kv|,cai, Tables 3.7 - 3.9). A close agreement between the 
kvj; and k»|,cai provides the supporting evidence for the observed data. 
The cationic micelles decrease the activation energy. The variation 
of the activation parameters in CTAB micelles as compared with water 
(see Tables 3.7 - 3.9) is as expected, because one might expect 
incorporation/association of the reactants with the micelles to reduce the 
activation enthalpy. The large decrease in AS" shows that the transition 
state is well structured in micellar phase. A meaningful mechanistic 
explanation of the apparent values of AH" and AS" is not possible because 
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the kv^  do not represent a single elementary kinetic step; it is a complex 
function of true rate, binding and ionization constants. 
Addition of unreactive organic salts to solutions of cationic 
1 AO 
surfactants have been found to increase the micellar size , affect the 
amount of residual charge on the micellar surface*^*''^ ^, and decrease the 
cmc}^^ Therefore, the effect of CI" , Br", NO3" and S04^~ anions were 
studied in presence of CTAB. The added salts inhibit the CTAB catalyzed 
reactions. The salt effect on micellar catalysis should be considered in the 
light of its competition with the reactant molecule which interacts with the 
micelle coulombically. Presence of counterions may exclude the ionic 
compounds from the vicinity of the micellar surface^^^ with a concomitant 
decrease in ky as is observed (Figs. 3.7 - 3.9). The kinetic results show 
that possibly exclusion effect together with the nature of anion are 
operating toward final picture of the kinetic salt effect. Variation of Ks 
with [salt] has also been reported as one of the factors affecting k ,^.'^ '^'^ * 
However, quantitative kinetic treatment of micellar catalysis and inhibition 
are complicated by the effects of the salts upon the micelles. 
In retardation of reaction rate, the role of cation ( Na" )^ cannot be 
completely ruled out. The presence of the cation would diminish the 
electronic density of ninhydrin molecule and, therefore, decrease the 
effective concentration of ninhydrin at the micellar head group. 
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The second-order rate constants, k^ (in s"') and kw (in mol" 
dm^ s''), cannot be compared directly as the two have different 
dimensions. In order to circumvent the difficulty, Bunton assumed that 
the comparison can be made by considering a volume element of reaction 
in the micellar pseudo-phase and then estimating the molarity of the 
reaclant in that volume element. An apparent second-order rate constant, 
k2'", was then defined as 
k2" = V , k , (3.10) 
where Vm is the molar volume of the reactive region at the micellar surface 
(range of W^n for ionic micelles: 0.14 to 0.35 dm^).'*'*'^ "''^ '^'^ '^'^ * 
Considering the oft quoted value^"''* '^'^ ^ of the volume of Stern layer 
(where almost all the micellar mediated reactions have been concluded to 
occur) of CTAB micelles as 0.14 dm^ mol"', the values of k2"' were 
calculated (Table 3.13 ). For [Cr(III)-his]^* complex the calculated value 
of k2"' turned out to be 6.3 x 10''* mof' dm^ s~\ which is ~ 7.5 fold 
smaller than k^ ( 4.7 x 10"^  mol"' dm^ s"'). The respective kw / k2'^  values 
found for [Ni(II)-his]'^ and [Cu(II)-his]'*^ complexes are ~ 6.2 and -12.4 
(Table 3.13). Values of k2'" / kw for a given reaction do not depend''"' upon 
the nature or concentration of the inert counterion or upon limited changes 
in the [ionic reagent]. 
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A much debatable question in micelle assisted reactions is that of 
the locale of the reaction.''^'''^ Most of the ionic micelle mediated reactions 
are believed to occur either inside the Stern layer or at the interface 
between micellar surface and bulk water solvent ' (reports revealing 
occurrence of reactions at the junctural region of Stern and Gouy-Chapman 
layers^^''^'''^^ and cross- micellar reactions''^''*^'''^ are scanty). The main 
factor involved in the kinetic micellar effects on bimolecular reactions is 
the increased concentration of reactants into a small volume (through 
electrostatic and hydrophobic interactions). Besides this, micelles also 
exert a medium effect influencing reactivity (the effect arises from a 
combination of cage, preorientation, microviscosity, polarity, and charge 
effects).'''* The location of reactants in the micellar structure and degree of 
penetration of water into the structure have a major influence on reactivity. 
The fact is that the micellar pseudo-phase is regarded as a 
microenvironment having varying degrees of polarity, water activity, and 
hydrophobicity increasing with distance from the interfacial region to the 
core.'^^ It is therefore not possible to precisely locate the site of reaction 
but, at least, the localization of reactants can be considered. Based on 
purely electrostatic considerations, ninhydrin will be located 
predominantly in the Stern layer and to a lesser extent in the counterion 
dominated diffuse-layer surrounding the cationic micelles. That histidine 
forms part of the inner coordination shell of a cationic metal complex 
(which gives the complex some hydrophobic character), it may, at least 
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partly, remain embedded (partly, because electrostatic repulsion occurs 
between the complex ion and the micellar surface). The micelle thus helps 
in bringing the reactants together which may now orient in a manner 
suitable for the condensation. 
At present it would suffice to say only that the reactions, in all 
probability, occur in the Stern layer's water rich-region close to the surface 
of the micelle. (Cordes, in his excellent review, has concluded that the 
activity of water at the surface of ionic micelles is not different from 
water activity in the aqueous pseudophase.''^ According to Menger^^, 
micelle is a porous cluster with rough surface in which water 
molecules penetrate into the micelle to fill the voids: thus there is a 
continuous decrease of water activity of the medium from the shear surface 
to the centre of the micelle.) 
(b) Reactions in Presence of SDS Micelles 
It was observed that Cr(III)-histidine complex reacts with ninhydrin 
in presence of SDS producing a yellow colored complex (^ max = 360 
nm). The yellow product formed in case of Ni(II)-histidine reaction with 
ninhydrin exhibited A,max at 375 nm. Interestingly, a purple color (X^M = 
410 and 575 nm) developed (instead of yellow) with Cu(II)-histidine and 
ninhydrin. It suggests that SDS binding with the metal ion has a 
significant role. SDS abstracts Cu(II) from the histidine complex and 
renders the ligand (histidine) free. The free histidine then reacts with 
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ninhydrin in usual way'"^ and the purple-colored product (DYDA) is 
formed. 
Effect of varying the [SDS] on metal-histidine complexes (except 
Cu(Il)) was studied with ninhydrin under conditions similar to that of 
CTAB. The [SDS] was varied in the range of 5.0 to 60.0 x 10"^  mol dm"l 
The observation that SDS does not affect the value of kv,; (Tables 3.1, 3.2; 
Figs. 3.1,3.2) is not surprising. The negative charge of micelles repel the 
ninhydrin molecule, and hence SDS shows no effect on the observed rate. 
(c) Reactions in Presence of TX-lOO Micelles 
To test if hydrophobic interactions could be important in regard to 
the metal-histidine complexes, attempts were also made to study the 
condensation reactions in nonionic TX-lOO micellar solutions at constant 
temperature. Though the condensation product was the same (as produced 
in CTAB micelles), the efforts were unsuccessful because the reaction 
mixtures developed turbidity during the kinetic runs (as the reaction 
temperature was higher than the cloud-point, 66 °C, of TX-lOO). The 
turbidity disappeared after bringing the reaction mixtures to room 
temperature and produced a homogenous phase but studies were not 
per sued any further. 
CHAPTER 4 
KINETICS OF REACTIONS BETWEEN 
METAL- TRYPTOPHAN COMPLEXES 
AND NINHYDRIN 
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A. RESULTS 
It is well-established that surfactants affect reaction rates by 
incorporating one or both of the reactants into or at the surface of the 
micellar aggregates.'^^"^^'"'''^''^^ Hydrophobic, hydrophilic and electrostatic 
interactions are the main factors involved in the micellar kinetic effects on 
bimolecular reactions; out of these hydrophobic properties are more 
important than the electrostatic forces.^"''^"*'''* However, the actual 
micellar rate effect is caused by a composite of noncovalent interactions 
between the micelles on one hand and the reaction and activated complex 
on the other. This is an extremely complicated problem because a number 
of different interactions are involved including those associated with the 
head group of the surfactants, different segments of the alkyl chain and the 
counterions. 
The work on the kinetics and mechanism of metal-histidine complexes 
with ninhydrin has been described in Chapter 3. The present work on 
metal-tryptophan complexes was undertaken in the hope that the 
introduction of indole group (electron rich) in place of imidazole group 
into the side chain of a-amino acid would assist in binding the substrate to 
the micelle and also increase the catalytic efficiency of the amino acid 
towards condensation. A kinetic study of the effect of CTAB and SDS 
micelles on this reaction has therefore been made in sodium acetate-acetic 
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acid buffer. Unlike metal-histidine complexes, kinetic studies on metal-
tryptophan complexes with ninhydrin have not yet been made in aqueous 
medium, and, therefore, such studies were also carried out. For the 
purpose, we have made systematic kinetic and mechanistic studies of the 
reactions of ninhydrin with Cr(III)-, Ni(II)-, and Cu(II)-tryptophan 
complexes in aqueous media by following appearance of the respective 
colored condensation products at different [reactant], pH, and temperature. 
Similar steps were followed in presence of CTAB micelles. 
The spectra of the products formed by the reactions in aqueous and in 
aqueous micellar media are shown in Figs. 2.4 - 2.6. As no change in the 
positions of wavelengths corresponding to the maximum absorbance (Xmax) 
were observed in the presence of CTAB micelles (Figs. 2.4 - 2.6), it is 
inferred that the products of metal-tryptophan reactions with ninhydrin are 
the same in both aqueous and aqueous CTAB micelles. 
Dependence of the Reaction Rate on pH 
The effect of pH on the interaction of ninhydrin with the metal-
tryptophan complexes was studied in the range 3.6 to 5.5 at fixed 
[ninhydrinJT (6.0 x 10"^  mol dm""') and [metal-tryptophanji (2.0 x lO"'* mol 
dm ) in absence as well as presence of CTAB at constant temperature 
(Table 4.1). It was observed that the rate constants (kobs or k^^,) increased 
upto pH 5.0 and thereafter decreased, indicating maximum formation of 
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TABLE 4.1 
Effect of pH on pseudo-firsX-OTder rate constants (kobs/kv,,) for the reaction 
of metal-tryptophan complexes with ninhydrin. 
Reaction conditions: 
[metal-trp"^]T 
[ninhyd 
pH 
3.6 
4.0 
4.5 
4.75 
5.0 
5.25 
5.5 
rinjj 
Ci 
lO'kobs 
( s - ' ) 
3.3 
4.2 
4.9 
5.5 
5.6 
5.2 
4.3 
= 
r(III) 
1 0 ^ / 
( s - ' ) 
19.6 
20.2 
22.4 
23.8 
24.7 
24.1 
22.9 
2.0 X 10"'* 
6.0 X 10"^ 
N 
lO'kobs 
( s - ' ) 
2.0 
2.4 
2.9 
3.4 
3.6 
3.2 
2.4 
mol dm ^ 
mol dm~^ 
i(II) 
l O ' k / 
(s- ' ) 
21.5 
22.2 
23.5 
23.4 
23.8 
23.5 
22.5 
loX 
(s--) 
1.4 
1.5 
1.7 
1.8 
1.9 
1.9 
1.6 
Cu(II) 
bs 1 0 \ / 
( s - ' ) 
6.0 
7.2 
8.2 
8.2 
8.5 
8.2 
7.5 
' [ C T A B ] T = 1.5 X 10"^  mol dm"^ temp. = 80 °C. 
*'[CTAB]T= 2.5 X 10"^  mol dm"^ temp. = 70 °C. 
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the Schiff base'' (>C=N-) in the vicinity of pH 5.0. Consequently, all the 
susequent measurements were made at pH 5.0. 
Dependence of the Reaction Rate on Metal-Tryptophan Complex 
Concentration 
The order of the reaction with respect to metal-tryptophan complex 
concentration was obtained by carrying out experiments at different initial 
concentrations of complexes (range: 1,0 - 3.0 x 10 mol dm" ). The 
concentration of ninhydrin was kept constant at fixed temperature and pH 
(5.0). The kobs values are recorded in Tables 4.2 - 4.4. Similar studies were 
performed at fixed concentrations of CTAB (Tables 4.5 - 4.7). As the 
values of rate constants (kobs or k,,/) were found to be independent of the 
initial concentration of metal-tryptophan complexes, the order with respect 
to metal-tryptophan complex concentration is unity in both the media. 
Dependence of the Reaction Rate on Ninhydrin Concentration 
The rate constant dependence on ninhydrin concentration was 
determined by carrying out the kinetic experiments with different 
concentrations of ninhydrin keeping the [metal-tryptophan]T and pH 
constant at fixed temperature. The values are summarized in 
Tables 4.2 - 4.4 which are shown graphically in Figs. 4.1 - 4.3. 
Experiments performed at constant [CTAB] yielded k^^ values (Tables 
4.5 - 4.7) which are depicted graphically in Figs. 4.1 - 4.3. 
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TABLE 4.2 
Effect of [Cr(III)-trp^+]T and [ninhydrin]T on pseudo-first-ovder rate 
constants (kobs) for the reaction of [Cr(III)-trp]^+ with ninhydrin. 
Reaction conditions: 
pH 
Temperature 
10''[Cr(III)-trp^+]T 
(mol dm"'') 
1.0 
1.5 
2.0 
2.5 
3.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
= 5.0 
= 80 °C 
10^ [ninhydrin]T 
(mol dm"'') 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
1.0 
1.5 
2.0 
2.5 
3.0 
3.5 
4.0 
10^ kobs 
5.3 
5.1 
5.6 
5.6 
5.4 
5.6 
8.8 
11.4 
15.2 
17.1 
20.4 
21.7 
21.8 
10' keal 
5.6 
8.6 
11.7 
14.4 
16.4 
18.7 
20.4 
21.9 
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TABLE 4.3 
Effect of [Ni(II)-trp"'']T and [ninhydrinli on pseudo-first-order rate 
constants (kobs) for the reaction of [Ni(II)-trp+] with ninhydrin. 
Reaction conditions: 
pH 
Temperature 
10^[Ni(II)-trp+]T 
(mol dm"'') 
1.0 
1.5 
2.0 
2.5 
3.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
= 5.0 
= 70 °C 
10^ [ninhydrin]! 
(mol dm"^) 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
1.0 
1.5 
2.0 
2.5 
3.0 
3.5 
4.0 
10 ' kobs 
3.6 
3.6 
3.6 
3.5 
3.7 
3.6 
8.9 
11.4 
15.8 
20.0 
22.3 
23.4 
24.0 
lO'keai 
5.5 
8.7 
12.2 
15.4 
18.2 
20.7 
23.0 
25.0 
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TABLE 4.4 
Effect of [Cu(II)-trp"'"]T and [ninhydrin]T on pseudo-first-order rate 
constants (kobs) for the reaction of [Cu(II)-trp]+ with ninhydrin. 
Reaction conditions: 
pH 
Temperature 
IO^CCL 
(mol d 
1.0 
1.5 
2.0 
2.5 
3.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
i(n)-trp+]T 
m"^) 
:= 
10^ 
(mo 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
1.0 
1.5 
2.0 
2.5 
3.0 
3.5 
4.0 
5.0 
80 °C 
[ninhydrin]T 
1 dm"^) 
10^ kobs 
(s-') 
1.8 
1.9 
1.9 
1.9 
2.1 
1.9 
4.0 
6.9 
7.7 
8.1 
9.2 
10.2 
10.5 
10^ kcal 
(s-') 
2.5 
3.9 
5.4 
6.7 
7.9 
9.0 
9.9 
10.7 
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TABLE 4.5 
Effect of [Cr(III)-trp^+]T and [ninhydrinlx on pseudo-fnst-ordQv rate 
constants (k^ )^ for the reaction of [CrCIIO-trp]^ "*" with ninhydrin. 
Reaction conditions: 
[CTABJT 
pH 
Temperature 
= 1.5 X lO'^moidm"^ 
= 5.0 
= 80 °C 
10'*[Cr(III)-trp^+]T 10^ [ninhydrin]! lOH^ 
(mol dm"^) (mol dm"^) (s"') 
1.0 0.6 24.5 
1.5 0.6 24.0 
2.0 0.6 24.7 
2.5 0.6 25.4 
3.0 0.6 24.4 
2.0 0.3 15.3 
2.0 0.6 24.7 
2.0 1.0 39.5 
2.0 1.5 52.9 
2.0 2.0 60.9 
2.0 2.5 66.8 
2.0 3.0 72.5 
2.0 3.5 75.7 
2.0 4.0 76.8 
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TABLE 4.6 
Effect of [Ni(II)-trp"'']T and [ninhydrin]T on pseudo-rirst-ordev rate 
constants (k,,,) for the reaction of [Ni(II)-trp]"^ with ninhydrin. 
Reaction conditions: 
[CTAB]T 
pH 
Temperature 
10^[Ni(II)-trp+]T 
(mol dm""^ ) 
1.0 
1.5 
2.0 
2.5 
3.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
= 2.5 
= 5.0 
= 70' 
X 10" 
'C 
10^ 
(mo 
0.6 
0.6 
0.6 
0.6 
0.6 
0.3 
0.6 
1.0 
1.5 
2.0 
2.5 
3.0 
3.5 
4.0 
^ mol dm"'' 
[ninhydrin]! 
1 dm"^) 
lOH,, 
(s-') 
23.0 
23.3 
23.8 
23.5 
22.7 
10.2 
23.8 
31.8 
47.8 
52.7 
63.8 
66.3 
68.8 
68.9 
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TABLE 4.7 
Effect of [Cu(II)-trp''']T and [ninhydrin]T on pseudo-first-order rate 
constants (k^ ,,) for the reaction of [Cu(II)-trp]+ with ninhydrin. 
Reaction conditions: 
[ C T A B ] T 
pH 
Temperature 
= 1.5 X lO'^mol dm" 
= 5.0 
= 80 °C 
10^[Ci 
(mol d 
1.0 
1.5 
2.0 
2.5 
3.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
i(II)-trp+]T 
m-^) 
10^ 
(mo 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
1.0 
1.5 
2.0 
2.5 
3.0 
3.5 
4.0 
[ninl 
1 dm 
tiydrinji 
-') 
10^ k,, 
(s- ' ) 
8.2 
8.0 
8.5 
8.3 
8.5 
8.5 
15.4 
23.7 
36.8 
52.4 
57.2 
59.9 
61.7 
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Fig. 4.1: Effect of [ninhydrin] on the reaction rate of [Cr(III)-
i2+ tryptophan] complex with ninhydrin in absence of CTAB (a), 
and in presence of [ C T A B ] T = 1.5 x 10 
conditions: [Cr(III)-trpnT = 2.0 x 10 
temp. = 80 °C. 
- 2 
^-4 
mol dm (b) 
mol dm"^ 
Reaction 
pH = 5.0, 
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Fig. 4.2: Effect of [ninhydrin] on the reaction rate of [Ni(II)-
tryptophan]"^ complex with ninhydrin in absence of CTAB (a), 
and in presence of [CTAB]T = 2.5 x 10"^  mol dm""' (b). Reaction 
conditions: [Ni(II)-trp^]T = 2.0 x lO"* 
= 70°C. 
-3 
mol dm" , pH = 5.0, temp. 
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Fig. 4.3: Effect of [ninhydrin] on the reaction rate of [Cu(II)-
tryptophan]^ complex with ninhydrin in absence of CTAB (a), 
and in presence of [CTAB]T = 1.5 x 10' mol dm (b). Reaction 
conditions: [Cu(II)-trp^]T = 2.0 x 
temp. = 80 °C. 
10"^ mol dm"', pH = 5.0, 
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Dependence of the Reaction Rate on Temperature 
Kinetic experiments were carried out at different temperatures also 
with fixed [ninhydrin]T(6.0 x 10"^  mol dm'^) and [metal-tryptophanji (2.0 
X 10"'* mol dm"^) in absence and presence of CTAB at pH 5.0. The 
calculated rate constant values ( kobs or k^) (Tables 4.8 - 4.10) were found 
to satisfy the Arrhenius and Eyring equations. 
Dependence of the Reaction Rate on CTAB Concentration 
The dependence of the observed k^ on CTAB concentration was 
investigated by carrying out a series of kinetic runs at different [CTAB]T 
with fixed [ninhydrinji (6.0 x 10"^  mol dm~ )^ and [metal-tryptophan]T (2.0 
X lO""* mol dm~ )^ at constant temperature and pH (5.0). The k,,, values show 
typical behavior of increase with increasing [CTAB], reach a maximum, 
and then decrease with further increase in [CTAB]; this being similar to 
the metal-histidine case (Chapter 3). The results are summarized in Tables 
4.11 - 4.13 and shown graphically in Figs. 4.4 - 4.6. 
Dependence of the Reaction Rate on Salt Concentrations 
The effect of salts on the micelle-catalyzed ninhydrin-metal-
coordinated tryptophan reactions were studied at fixed [ninhydrinji, 
[CTAB]T, temperature, and pH. The values of k»^  are given in 
Tables 4.14-4.16 and graphically shown in Figs. 4.7 - 4.9. 
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TABLE 4.8 
Effect of temperature on /75eM<^o-first-order rate constants (kobs/ki,/) in the 
absence and presence of CTAB for the reaction of [Cr(III)-trp] with 
ninhydrin. 
Reaction conditions: 
[Cr(III)-trp^+]T = 2.0 x 10"'' mol dm"^  
[ninhydrinji = 6.0 x 10"^  mol dm~^  
pH = 5.0 
Temp 
(°C) 
70 
75 
80 
85 
90 
erature 
Parameters 
Ea(kJmor ' ) 
AH** 
-AS" 
(kJmor') 
(JK"'mor') 
lO^oi 
(s-') 
2.7 
4.5 
5.6 
8.0 
9.3 
64 
61 
122 
Aqueous 
5S l O ^ k e a l " 
(s-') 
3.0 
4.1 
5.5 
7.5 
10.0 
lO'k,, 
(s-') 
18.3 
22.8 
24.7 
28.8 
38.0 
37 
35 
200 
CTAB' 
l U '^v|/cal 
(s-') 
18.4 
21.9 
25.9 
30.5 
35.8 
'[CTAB] = 1.5 X 10"^ mol dm' 
''calculated from eq. (3.2b). 
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TABLE 4.9 
Effect of temperature on p^ew^/o-first-order rate constants (kobs/kv,,) in the 
absence and presence of CTAB for the reaction of [Ni(II)-trp]'*^ with 
ninhydrin. 
Reaction conditions: 
[Ni(II)-trp+]T = 2.0 X lO""* mol dm~^  
[ninhydrinjx = 6.0 x 10"^  mol dm"-* 
pH = 5.0 
Temp 
(°C) 
60 
65 
70 
75 
80 
erature 
Parameters 
Ea(kJmor ' ) 
AH'' 
-AS" 
(kJmol"') 
(JK-'mol"') 
lO'kobs 
(s-') 
1.5 
2.4 
3.6 
4.7 
6.2 
72 
70 
97 
Aqi jeous 
lO^ca l ' 
(s-') 
1.6 
2.3 
3.3 
4.7 
6.6 
1 0 \ ^ 
(s-') 
15.9 
21.3 
23.8 
29.9 
39.7 
43 
40 
181 
CTAB' 
(s-') 
16.0 
20.1 
25.0 
30.9 
38.1 
-2 
'[CTAB] = 2.5 X 10~'mol dm-^ 
''calculated from eq. (3.2b). 
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TABLE 4.10 
Effect of temperature on pseudo-TiTst-orAer rate constants (kobs/kv,;) in the 
absence and presence of CTAB for the reaction of [Cu(II)-trp]'^ with 
ninhydrin. 
Reaction conditions: 
[Cu(II)-trp+]T 
[ninhydrinjj 
pH 
Temperature 
(°C) 
70 
75 
80 
85 
90 
Parameters 
Ea(kJmor ' ) 
AH^(kJmor') 
-AS'' ( JK ' 'mor ' ) 
= 2.0 
= 6.0 
= 5.0 
lOXbs 
(s--) 
1.3 
1.4 
1.9 
3.0 
3.2 
60 
58 
144 
X lO^^'moldm"^ 
X 10"^  mol dm"^  
Aqueous 
lO'kcal" 
(s-') 
1.2 
1.6 
2.1 
2.6 
3.3 
lO^k^ 
(s-') 
4.3 
6.1 
8.5 
9.6 
12.0 
35 
33 
169 
CTAB' 
1 V *-v|/cal 
(s-') 
4.6 
5.9 
7.7 
9.8 
12.5 
'[CTAB] = 1.5 X 10"^ mol dm" 
''calculated from eq. (3.2b). 
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TABLE 4.11 
Effect of [CTAB]T on pseudo-first-order rate constants (k^) for the 
reaction of [Cr(III)-trp]^+ with ninhydrin. 
Reaction conditions: 
[Cr(III)-trp'+]T 
[ninhydrin]T 
pH 
Temperature 
1 0 ^ [ C T A B ] T 
(mol dm~^) 
0 
3 
5 
7 
10 
15 
20 
25 
30 
35 
40 
50 
75 
100 
= 
= 
= 
10^ k 
5.6 
10.6 
14.1 
17.4 
22.5 
24.7 
23.9 
23.7 
23.1 
23.7 
22.4 
21.7 
19.6 
17.7 
2.0 
6.0 
5.0 
80 < 
V 
X 10"' 
X 10" 
'C 
' mol dm-^ 
^ mol dm"'' 
lU K,|,cal 
5.6 
10.2 
14.8 
18.9 
21.7 
25.5 
24.7 
22.4 
24.8 
24.6 
20.3 
20.8 
19.3 
17.3 
k - k 
Kv|/ 
0 
+0.04 
-0.05 
-0.09 
+0.04 
-0.03 
-0.03 
+0.05 
-0.07 
-0.04 
+0.09 
+0.04 
+0.02 
+0.02 
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TABLE 4.12 
Effect of [CTAB]T on pseudo-first-order rate constants (k ,^) for the 
reaction of [Ni(II)-trp]"^ with ninhydrin 
Reaction conditions: 
[Ni(II)-trp+]T 
[ninhydrinJT 
pH 
Temperature 
= 2.0x lO^^moldm"^ 
= 6.0x 10"^  mol dm"^  
= 5.0 
= 70 °C 
1 0 ^ [ C T A B ] T 10^ k, lU k,|/cal K(j; K i|/cal 
(mol dm~^) 
0 
3 
5 
7 
10 
15 
20 
25 
30 
40 
50 
70 
100 
(s-') 
3.6 
6.9 
10.4 
14.2 
17.1 
16.4 
19.1 
23.8 
22.6 
22.2 
21.8 
20.6 
19.3 
(s-') 
3.6 
6.3 
9.8 
14.9 
18.4 
17.8 
19.6 
24.4 
21.4 
21.6 
22.1 
19.8 
18.7 
Ky 
0 
+0.09 
+0.06 
-0.05 
-0.08 
-0.09 
-0.03 
-0.03 
+0.05 
+0.03 
-0.01 
+0.04 
+0.03 
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TABLE 4.13 
Effect of [CTAB]T on pseudo-first-order rate constants (k^ j^ ) for the 
reaction of [Cu(II)-trp]"^ with ninhydrin. 
Reaction conditions: 
[Cu(II)-trp+]T = 2.0 X 10"'* mol dm"^ 
[ninhydrinjx = 6.0 x 10"^  mol dm"^  
pH = 5.0 
Temperature = 80 °C 
1 0 ^ [ C T A B ] T 
(mol dm"'') 
0 
5 
10 
15 
20 
25 
30 
40 
50 
70 
100 
10'k,, 
1.9 
4.8 
7.4 
8.5 
8.0 
7.8 
8.2 
7.8 
7.4 
6.5 
5.5 
1.9 
4.9 
7.2 
9.7 
7.7 
8.6 
8.1 
7.2 
8.0 
6.7 
5.3 
k - k 
K()/ 
0.0 
-0.02 
+0.03 
-0.14 
+0.04 
-0.10 
+0.01 
+0.08 
-0.08 
-0.03 
+0.04 
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100 
Fig. 4.4: Effect of [CTAB] on the reaction rate of [Cr(III)-tryptophan]^^ 
complex witli ninhydrin. Reaction conditions: [ninhydrinji = 6.0 
X 10 mol dm 
5.0, temp. = 80 
-3 [Cr(ni)-trp'^]T = 2.0 x lO"' mol dm-^ pH = 
144 
40 60 80 
lO^CCTABH/moldm-S 
Fig. 4.5: Effect of [CTAB] on the reaction rate of [Ni(II)-tryptophan]^ 
complex with ninhydrin. Reaction conditions', [ninhydrinjr = 6.0 
X 10"^  mol dm"\ [Ni(II)-trp^]T = 2.0 x 10'" mol dm' \ pH = 5.0, 
temp. = 70 °C. 
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IO^CCTABD/molclm-3 
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Fig. 4.6: Effect of [CTAB] on the reaction rate of [CuCIO-tryptophan]"^ 
complex with ninhydrin. Reaction conditions: [ninhydrin]T = 6.0 
X 10"^  mol dm"\ [Cu(II)-trp^]T = 2.0 x 10"'* mol dm~\ pH = 5.0, 
temp. = 80 °C. 
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TABLE 4.14 
Effect of inorganic salts on pseudo-first-order rate constants (k(^ ) for the 
reaction of [Cr(III)-trp]^"'" with ninhydrin. 
Reaction conditions: 
[Cr(II)-trp^+]T = 2.0 x 10"'* mol dm~^  
[ninhydrin]T = 6.0 x lO""' mol dm"^  
[CTAB]T = 1.5 X 10"^ mol dm'^ 
pH = 5.0 
Temperature = 80 °C 
10 [salt] 
(mol dm'^) 
0.0 
0.1 
0.5 
1.0 
2.0 
3.0 
4.0 
5.0 
NaCl 
24.7 
25.1 
28.5 
29.2 
31.7 
33.5 
34.5 
34.6 
NaBr 
24.7 
24.0 
24.6 
26.1 
27,8 
29.1 
30.2 
30.9 
10 'k^(s - ' ) 
NaN03 
24.7 
23.0 
21.6 
21.7 
23.3 
23.6 
24.1 
25.6 
Na2S04 
24.7 
25.3 
27.2 
28.4 
31.2 
32.1 
31.5 
32.4 
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TABLE 4.15 
Effect of inorganic salts on pseudo-first-order rate constants (k,,,) for the 
reaction of [Ni(II)-trp]'^ with ninhydrin 
Reaction conditions: 
[Ni(II)-trp+]T 
[ninhydrinjx 
[CTAB]T 
pH 
Temperature 
2.0 X lO'^mol dm"^  
6.0 X 10"^  moldm"^ 
2.5 X 10"^  mol dm"^  
5.0 
70 °C 
10 [salt] 
(mol dm~^) 
0.0 
0.1 
0.5 
1.0 
2.0 
3.0 
4.0 
5.0 
NaCl 
23.8 
22.3 
23.1 
24.0 
24.4 
24.3 
25.6 
26.5 
NaBr 
23.8 
20.8 
20.2 
20.8 
21.3 
22.8 
22.5 
23.5 
10 'k^(s - ' ) 
NaNOs 
23.8 
21.2 
21.7 
22.0 
22.7 
23.6 
24.2 
24.9 
Na2S04 
23.8 
25.2 
26.5 
26.8 
27.5 
28,7 
28.4 
28.4 
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TABLE 4.16 
Effect of inorganic salts on pseudo-rnsX-orAer rate constants (k,,,) for the 
reaction of [Cu(II)-trp]''' with ninhydrin. 
Reaction conditions: 
[Cu(II)-trp+]T = 2.0 X 10-" mol dm"^  
[ninhydrinji = 6.0 x lO"^  mol dm"^  
[CTAB]T = 1.5x lO-^moldm"^ 
pH = 5.0 
Temperature = 80 °C 
10 [ 
(mo 
0.0 
0.1 
0.5 
1.0 
2.0 
3.0 
4.0 
5.0 
salt] 
1 dm"^) NaCl 
8.5 
7.9 
5.9 
3.9 
3.7 
3.3 
3.5 
3.4 
NaBr 
8.5 
6.8 
4.8 
3.0 
4.2 
5.6 
6.4 
6.6 
10^ k^(s- ') 
NaNOa 
8.5 
7.3 
5.4 
4.9 
5.6 
6.2 
6.7 
7.3 
Na2S04 
8.5 
8.0 
7.5 
6.0 
7.2 
10.1 
12.1 
12.9 
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Fig. 4.7: Effect of NaCl (a), NaBr (b), NaNOg (c), and Na2S04 (d) on the 
reaction rate of [Cr(III)-tryptophan]^'^ complex with ninhydrin. 
Reaction conditions: [Cr(III)-trp ]T = 2.0 x 10" mol dm , 
[ninhydrinjr = 6.0 x 10"^ mol dm"\ [ C T A B J T = 1.5 X 10"^ mol 
d n r \ pH = 5.0, temp. = 80 °C. 
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Fig. 4.8: Effect of NaCl (a), NaBr (b), NaNOs (c), and Na2S04 (d) on the 
reaction rate of [Ni(II)-tryptophan]'^ complex with ninhydrin. 
Reaction conditions: [Ni(II)-trp"^]T = 2.0 x 10 mol dm 
[ninhydrin]T = 6.0 x 10" 
-3 
-3 
mol dm' \ [CTAB]T = 2.5 x 10"^  mol 
dm"', pH = 5.0, temp. = 70 °C. 
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[lSaltIl/moldm-3 
Fig. 4.9: Effect of NaCl (a), NaBr (b), NaNOj (c), and Na2S04 (d) on the 
reaction rate of [Cu(II)-tryptophan]* complex with ninhydrin. 
Reaction conditions: [Cu(II)-trp'^ ]T = 2.0 x 10"'* mol dm••^  
[ninhydrinj-r = 6.0 x 10"^  mol dm"\ [CTAB]T = 1.5 X 10"^  mol 
dm'', pH = 5.0, temp. = 80 °C. 
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B. DISCUSSION 
(a) Reactions in Aqueous Medium 
The kinetic studies have been performed under pseudo-first-order 
conditions of excess [ninhydrin] in aqueous medium. Detailed 
investigations reveal that the rate of formation of the products is first-
order with respect to metal-tryptophan complex concentration (eq. 4.1) as 
confirmed by (i) the initial rate being directly proportional to the 
initial 
d[Product]/dt = kobs [A]T (4.1) 
concentration of [metal-tryptophan] complex, and (ii) constancy of kobs 
values obtained at different initial concentrations of metal-tryptophan 
complexes (Tables 4,2 - 4,4). The plots of kobs VJ. [ninhydrinli, as shown 
in Figs, 4.1 - 4,3, indicate a fractional-order with respect to 
[ninhydrinJT. 
On the basis of these findings and previous observations, the 
Scheme 4.1 mechanism has been proposed for the reaction of metal 
tryptophan complexes with ninhydrin. 
The complexation of metal-tryptophan with ninhydrin occurs in two 
kinetically distinguishable steps: the first, a fairly rapid ternary labile 
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n+ 
+ 
K N 
n+ 
B 
CH2—CH 
n+ 
(M = Cr, Ni or Cu ; n = 2 for Cr, n = 1 for Ni and Cu) 
SCHEME 4.1 
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complex formation between ninhydrin and metal-tryptophan, and the 
second, a slower condensation of amino and carbonyl groups. The first 
step in Scheme 4.1 represents formation of an inner-sphere complex B. 
As the lone-pair of electrons of amino group are not free in complex A 
(because they are involved in the metal complex formation), the reaction 
proceeds through condensation of coordinated amino group to the 
coordinated carbonyl group within the coordination sphere of the metal. 
Presence of the metal ion brings the reactive groups together and provides 
a better chance for their combination within its coordination sphere. The 
next step is the formation of Schiff base complex (end product, P). 
Decarboxylation and hydrolysis of the Schiff base (B, Scheme 1.1) 
formed during the reaction of an a-amino acid and ninhydrin is very fast 
leading to the formation of intermediate 2-aminoindanedione'°^"'°'* (Di, 
Scheme 1.1). We have experimentally tested that no carbon dioxide is 
evolved in presence of metal ions. Presence of a metal inhibits cleavage 
of -COO group by reducing its escaping tendency and by enhancing the 
electrophilic character of >C=0 group. Therefore, the role of metals in 
these reactions is to stabilize the end products towards decarboxylation 
and hydrolysis. 
Scheme 4.1 leads to the following rate law for formation of the 
condensation product 
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d[Product] /dt = kK[ninhydrin]T[A]T / (1 + K[ninhydrin]T) (4.2) 
Eq. (4.2), when compared with eq. (4.1), gives 
icobs = kK[ninhydrin]T /(1+ K[ninhydrin]T) (4.3) 
Scheme 4.1 appeared to be justified, owing to the fact that the 
obtained rate eq. (4.2) is in accordance with the observed kinetic results, 
namely, first-order with respect to [metal-tryptophanjr and fractional-order 
to [ninhydrin]T. 
Rearrangement of eq. (4.3) gives 
1/kobs = 1/ B, [ninhydrin]T + 1/ B2 (4.4) 
with B| = kK and B2 = k. Thus, a plot of 1/kobs vs. l/[ninhydrin]T should 
give a straight line; this was found to be the case for each 
metal-tryptophan complex. Bi and B2 were obtained from intercept and 
slope of the plots. The values of k and K were then calculated for each 
case. Calculated values of rate constants, kcai (Tables 4.2 - 4.4), obtained 
by substituting k and K in eq.(4.3), are in close agreement with the kobs 
providing supporting evidence for the proposed mechanism. 
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(b) Reactions in Presence of CTAB Micelles 
The rate of condensation of metal-tryptophan complexes with 
ninhydrin were studied in presence of cationic surfactant CTAB. As the 
concentration of CTAB micelles increases the absorbance has been found 
to increase. It can be concluded that hydrophobic moieties in the end 
products,/.e., indole ( ( Q T I ) and indanedione ( O C f ). ^^^ responsible 
for incorporation of the products into the CTAB micelles. However, in 
each case, the absorption maximum of the product remains unchanged in 
presence of the surfactant (Figs. 2.4 - 2.6); this confirms that the reaction 
product remains the same as in aqueous medium. 
In order to confirm the proposed mechanism (Scheme 4.1), effects of 
variables on the rate constants were seen in presence of constant [CTAB]. 
It was found that the reaction follows the same first- and fractional-order 
kinetics with respect to [metal-tryptophan] and [ninhydrin], respectively. 
Thus, we can conclude that the reaction mechanism remains the same in 
presence of CTAB micelles as that in the aqueous medium with all 
possible intermediary situations. 
The reactions of ninhydrin with amino acids and their 
metal-complexes are affected by the ionic micelles"'^"'^^ and the reactions 
under discussion follow this general pattern. The electrostatic and 
hydrophobic interactions between micelles and reactants, transition states, 
1 5 7 
and products are involved in the micellar solutions. The micellar surface 
can attract or repel ionic species due to electrostatic interactions whereas 
hydrophobic interactions can bring about incorporation into the micelles. 
The observed catalysis is due to both the increased concentration of 
reactants in the Stern layer and to stabilization of the product by the 
micelles. 
The rate increase observed for metal-tryptophan and ninhydrin 
reactions upon addition of CTAB micelles may also be explained on the 
basis of pseudophase model of micelles (as has been discussed in 
Chapter 3). The same reaction scheme may be given (as shown in 
Scheme 3.2) for the present case; here A stands for the metal-tryptophan 
complex. 
Although several kinetic equations based on the general Scheme 3.2 
have been developed, the most successful appears to be that of Bunton^^ ''*'* 
who suggested expression (4.5) which takes into account the solubili-
zation of both the reactants into the micelles as well as mass action model 
k,v[N]T + (Kskn, - kw) M N ' [Dn] 
K = (4.5) 
I + Ks [Dn] 
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Ks is the binding constant of the complex to the micelles. The values of km 
and Ks were calculated as detailed in Chapter 3. The best fit values are 
given in Table 4.17. 
As can be seen (Table 4.17), Ks values are higher for 
metal-tryptophan in comparison to metal-histidine (Table 3.13). A 
possible explanation for the difference between Ks could be related to the 
fact that the indole moiety of tryptophan is more hydrophobic than the 
imidazole moiety of histidine.'^' The increased hydrophobicity seems 
responsible for higher concentration of the tryptophan complex in the Stern 
layer of micelles. 
The cationic micelles are very effective at incorporating amino 
acids, as can be seen from the large values of Ks for incorporation into 
CTAB and CPB"'^•'"^''"^''°^ e.g., with tryptophan Kg = 59 for CTAB and 
80 for CPB.'"^ Interestingly, on the other hand, the value of Ks is lower in 
case of each metal-tryptophan complex in comparison to tryptophan. This 
indicates that the hydrophobicity of the tryptophan molecule is diminished 
in presence of a metal due to the positive charge acquired by the complex. 
Do the metal-tryptophan complexes prefer Stern layer of micelles or 
aqueous phase? - the answer to this question will be the electrostatic 
repulsion playing an important role in the binding of the metal complexes 
and, therefore, low binding constants are observed. 
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TABLE 4.17 
Values of rate parameters (k^, ki", k^ and kvv/k2'") and binding constants 
(Ks, KN) for the reaction of ninhydrin and metal-tryptophan complexes in 
micellar media. 
Reaction conditions: 
[metal- trp"^]T = 2.0 x 10"" mol dm~^  
[ninhydrinjx = 6.0 x 10"^  mol dm'^ 
pH = 5 . 0 
Parameters and 
constants 
10'k„,(s-') 
10" k2"'(mor' dm^ s 
10^ kw(mor' dm^ s" 
kw/k2" 
Ks (mor ' dm^) 
KN (mor ' dm^) 
-'r 
' ) 
CrCIII)" 
6.7 
9.4 
9.3 
9.9 
36 
52 
Metals 
Ni(II)'' 
4.4 
6.2 
6.1 
9.7 
22 
80 
Cu(II)' 
18.0 
25.0 
3.2 
1.3 
38 
57 
^temperature = 80°C. 
temperature = 70 °C. 
•^second-order rate constants (k2'") are based on eq. (3.10). 
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It is well established that additions of anions of unreactive 
electrolytes in a solution of cationic surfactant affect the system in many 
ways.'-"*''"""^'' In general'^", the effects of some common ions are; for 
cations: Li+>Na+>K+; for anions: S04^->Cl->Br->N03-> CIO4-. For the 
present systems, Figs. 4.7 - 4.9 show the effects of added electrolytes on 
the reaction rate. Rate enhancement or inhibition of micellar catalysis by 
added electrolytes can be considered to be due to the change in shape and 
size'^^ of micelles and/or exclusion of the reactants from the micellar 
pseudo-phase.'*''''^^•'•'^''*' Here the initial salt effect on the micellar 
catalysis should be considered in the light of competition between 
counterions (i.e., Cl~, Br~, etc.) and ninhydrin (due to presence of electron 
cloud) with the result that ninhydrin would be removed from the reaction 
site and a decrease in rate would occur. At higher [salt], the rate profile is 
dependent on the nature of counterion. This effect could be understood in 
the light of whether the counterion interacts with the micelle specifically 
or coulombically. This view is conceptually related to the different binding 
models for counterions. ' " In these models the electrical double-layer 
around micelles is divided into inner Stern layer containing specifically 
absorbed counterions and an outer Gouy-Chapman or Debye-Huckel layer 
for electrostatically organized ions. At higher salt concentration, the 
counterion condensation around the micelle will increase with the 
concomitant decrease in micelle-bound water in the system. The 
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consequence of this will be a polarity decrease in the head group region 
together with the decrease of micellar surface charge. Since CTAB in 
presence of high [salt] would be sufficiently shielded from its electrostatic 
effect by the ionic atmosphere, its micelle, in these media, would behave 
like a non-ionic micelle, inspite of their different micellar surface 
environment.'^^ The former factor would assist to enhance hydrophobic 
interactions (solubilization ability for nonpolar compounds at the micellar 
surface would now increase) and so does the effective content of ninhydrin 
as well as metal-bound tryptophan. The second factor would create a less 
hindrance for positively charged metal-tryptophan complex to reach at the 
reaction site. The two effects undoubtedly increase the contents of 
reactants and so does the rate. This indeed was observed in our case 
(Figs. 4.7 - 4.9). Similar type of rate data with [electrolyte] were obtained 
earlier.'«^-'^^ 
The conventional second-order rate constants (k2"\ mol"' dm^ s"') for 
the reactions in the Stern layer were calculated using eq. (3.10). Generally, 
kvv > k2'" for many bimolecular reactions in aqueous and micellar pseudo-
phases.'^^'''^''''''•' However, there are many examples in which k2"^  are 
similar in magnitude with k .^''^  It has been assumed that overall rate 
enhancements of bimolecular reactions are due to the association/ 
incorporation of both the reactants in the small volume of the micellar 
pseudophase. Micellar surfaces are water rich but are not as polar as bulk 
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water and does not provide a uniform reaction medium because micelle is a 
porous cluster with a rough surface and deep water filled cavities. 
Different values of kw/k2'^  (Table 4.17) obtained for the metal-tryptophan 
complexes may simply reflect the above facts. On the other hand, the 
variation in kw/k2'" are not related in any obvious way to estimate 
polarities of micellar surfaces. 
Effect of temperature on the CTAB-catalyzed reactions of 
metal-tryptophan complexes with ninhydrin in presence of constant CTAB 
was used to evaluate activation parameters. Comparing the values with 
those obtained in aqueous medium (Tables 4.8 - 4.10), we find that the 
presence of CTAB micelles catalyze the reaction of metal-tryptophan 
complexes with ninhydrin and lower the AH with more negative AS . This 
lowering occurs not only through the absorption of both the reactants on 
the micellar surface but also through stabilization of the transition state. 
The fitting of the observed k^,-values at different temperatures to 
Eyring equation was examined (Tables 4.8 - 4.10). It was found that the 
Eyring equation is applicable to the micellar media, and the sensitivity of 
micelle structure to temperature is kinetically unimportant. 
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(c) Reactions in Presence of SDS Micelles 
An attempt was made to see the effect of anionic SDS micelles on 
the reactions of metal-tryptophan complexes with ninhydrin at constant 
[metal-tryptophan]T (2.0 x 10"'* mol dm"^), [ninhydrin]T (6.0 x 10'^ mol 
dm"'') at fixed temperature and pH (5.0). Instead of yellow, a purple-
colored product was obtained in each case. It seems that the surfactant 
binding of the metal ions plays a predominant role; the anionic surfactant 
abstracts metal ions from their complexes and renders the ligand 
(tryptophan) free. The free tryptophan then reacts with ninhydrin in the 
usual way and the Ruhemann'spurple (Xmax= 410 and 575 nm)^^ is formed. 
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